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INTRODUCTION 

The Bureau of Reclamation has studied methods for 
lowering the salinity of the Colorado River by keep- 
ing saline water sources from entering the river [ 11.’ 
The Bureau has been determining whether some of 
these saline water sources could be used as a feed 
water for making freshwater by desalination or as 
makeup for wet cooling towers operating with saline 
water. Maximum volume recovery of desalted prod- 
uct water from a saline feed water source is a 
requirement of a desalting process where there is a 
shortage of feed water and the onsite disposal of the 
desalting reject-brine volume is necessary. In many 
instances of inland brackish water desalting, brine 
disposal by methods like deep-well injection or evap- 
oration ponds is the dominant cost. Thus, by mini- 
mizing the brine volume requiring disposal and 
maximizing the product water volume, high-recovery 
desalting can be more economically and environ- 
mentally feasible. 

The LVS (La Verkin Springs) is a saline water source 
which deposits considerable salt in the Colorado 
River [2]. La Verkin Springs is located in southwest- 
ern Utah on the Virgin River. The springs flow at 
0.326 m3/s and contain a concentration of about 
9.7 kg/m3 in TDS (total disolved solids). Salts are 
deposited at nearly 100 000 tonnes per year to the 
Colorado River system. The water temperature leav- 
ing the springs is about 40 “C. Typical raw and par- 
tially pretreated water compositions for LVS are 
listed in table 1 [3]. 

The feasibility of alternative methods for preventing 
the LVS salts from entering the river have been 
studied [2]. Water desalination would provide a 
needed source of freshwater. A high recovery of 
product water flow from the feed flow would be 
necessary to minimize the volume of reject brine 
requiring disposal, which is a major cost. However, 
even with high recovery, the cost of desalting LVS 
is not feasible at present. Alternatively, the LVS 
saline water could be used as a source of cooling 
water provided that the blowdown or concentrated 
waste stream from the cooling tower were not dis- 
charged into the Virgin River. 

Many brackish waters (as that from LVS) require pre- 
treatment to keep sparingly soluble salts such as 
silica, calcium carbonate (calcite), calcium sulfate 
(gypsum), strontium sulfate, and barium sulfate from 
precipitating on equipment surfaces as the salts are 
concentrated. This can occur either in desalting 
equipment or in evaporative cooling towers when 

l Numbers in brackets refer to entries in the Bibliography. 

the salts become supersatured. Generally, formation 
of scale in the equipment causes blockages of flow 
and other serious operational problems. Cation 
exchange is an economic process for softening (the 
removal of multivalent cations; i.e., calcium, stron- 
tium, and barium, that form sparingly soluble salts 
with sulfate) when the reject brine from a desalting 
unit or blowdown from a cooling tower provides the 
sodium for regenerating the cation exchanger. A 
process other than IX (ion exchange), for example, 
high-lime treatment, is needed to remove silica, if 
required. 

The raw well water from LVS contains considerable 
calcium which, with the sulfate, forms gypsum pre- 
cipitate at desalting recoveries above about 23 per- 
cent according to table 1 data. Because of carbonate 
water chemistry and the fact that the raw water 
contains considerable carbon dioxide gas that effer- 
vesces as the underground spring water contacts the 
atmosphere, calcium carbonate precipitates as the 
pH rises with the loss of the dissolved carbon diox- 
ide. Bubbling air through the raw well water (aera- 
tion) speeds the release of the carbon dioxide and 
reduces the dissolved calcium concentration 
through the precipitation of calcium carbonate. Add- 
ing lime to the aerated water can remove additional 
calcium and bicarbonate until the bicarbonate is 
exhausted, which is called partial lime softening. At 

Table 1. - Typical compositions of raw and partially 
pretreated well water at La Verkin Springs. [31 

Raw Aerated Lime- 
Units water water softened 

water 

Characteristics 

PH unit 
TDS by summation 
TDS by evap. at 105 ‘C 

mdL 
mg/L 

Summation of cations meq/L 
Summation of anioy meq/L 
Conductivity at 25 C /&/cm 
Maximum recovery* % 

6.0 
9 243 
9 507 

154 
154 

14 BOO 
23 

Constituents 
Calcium 
Magnesium 
Sodium 
Potassium 
Strontium 
Barium 
Iron 
Manganese 
Free carbon dioxide 
Bicarbonate 
Carbonate 
Sulfate 
Chloride 
Silica 

mdL 
mg/L 
mdL 
mg/L 
w/L 
PQIL 
mg/L 
W/L 
mg/L 
mg/L 
mg/L 
mglL 
w/L 
mdL 

820 
150 

2 220 
182 

10 

-E.l 
13 

750 
1 266 

0 
1 860 
3 345 

40 

7.4 9.5 
8 754 8 430 
9 054 B 530 

143 131 
145 133 

14 100 12800 
37 50 

600 
144 

2 220 
181 

6 

-Cl1 
** 

18 
795 

0 
1 850 
3 330 

30 

420 
128 

2300 
180 

5 

Cl.1 
< 50 

0 
0 

26 
1 850 
3 340 

15 

* Maximum degalting recovery while avoiding calcium-sulfate 
precipitation at 20 C. 

** Data not available. 



LVS (according to table 1). the maximum desalting 
recovery with lime treatment is about 50 percent, 
not adequate for a practical desalting plant at LVS. 
Further calcium removal by lime-soda softening 
requires the addition of soda ash, which is an expen- 
sive chemical relative to lime. At LVS, IX was 
selected for experimental study because it - when 
coupled with desalting above 80 percent recovery 
where the desalting reject provides the IX 
regenerant - was shown to be less expensive than 
the alternative softening process, lime-soda soften- 
ing coupled with about 70 percent recovery 
desalting [2]. 

This report describes field and laboratory experi- 
ments and modeling of the IX pretreatment process 
as applied to LVS. A brief report of this work was 
presented earlier [4]. Other reports contain the IX 
field data without much data analyses or 
conclusions [5,6] and details of the testing of the 
electrodialyzer used to produce the reject-brine 
regenerant [7]. Testing at LVS of other processes 
including aeration, lime, and lime-soda softening, 
reverse osmosis, and a spiractor are outlined in two 
of these reports [5.6]. 

PURPOSES AND EXPERIMENTAL PLAN 

The overall purpose of the LVS IX field tests was to 
obtain feasibility data for the IX pretreatment proc- 
ess applied to LVS, although the results are applica- 
ble also to other sites with consideration given for 
different water compositions. During 4 months, dif- 
ferent IX operating conditions and procedures were 
tested,at LVS to try to optimize IX performance. The 
IX data were studied to determine what operating 
parameters (at LVS) yield maximum values for the 
specific resin capacity for calcium removal (the mil- 
liequivalents of calcium absorbed per volume of 
cation-exchange resin per cycle). Another process 
parameter more indicative of IX equipment capacity 
requirements defined here is called the time- 
weighted resin capacity(the specific resin capacity 
for calcium removal divided by IX cycle duration). 
The time-weighted resin capacity is important 
because, in an IX plant, it is inversely proportional to 
the amount of cation-exchange resin required, which 
is often the largest capital cost in an IX plant. Also, 
because the use of sulfate-containing reject brine to 
regenerate the cation-exchange resin can cause gyp- 
sum scaling in the resin bed- unless special 
methods are used to control the problem -another 
dependent variable, the intensity of gypsum scaling 
in the resin bed and piping was studied, which was 
observed qualitatively in the field testing. 

In addition to field tests at LVS site, laboratory IX 
experiments at the E&R Center (Engineering and 

Research - Bureau of Reclamation) on waters synthe- 
sized to simulate LVS compositions were performed. 
Laboratory experiments were done for the following 
purposes: 

1. To study IX performance responses to process 
variables that were not tested at the LVS site, 

2. To determine to what extent such laboratory 
experiments could substitute for much more 
expensive field testing or to obtain IX data, and 

3. To provide data to model the cation-exchange 
pretreatment process and, thereupon, to minimize 
required experimentation in the future for the 
water compositions at LVS and other sites. 

Different operating procedures for the IX laboratory 
experiments were used than for the field tests. Dur- 
ing the laboratory experiments, the exhaustion and 
regeneration of the cation-exchange resin column 
were done to nearly complete equilibrium between 
resin and solution rather than stopping them at a 
maximum exhaustion effluent concentration (cal- 
cium breakthrough concentration) or by a fixed vol- 
ume of solution as had been done in the field 
experiments. The synthetic LVS solutions were cat- 
ionic chlorides to prevent the variable of gypsum pre- 
cipitation during regeneration, which can occur with 
sulfate-containing regenerant solutions to remove 
calcium from the cation-exchange resin. This report 
contains comparisons between the laboratory results 
and the field results. 

Two simplified models were developed from theory 
to describe the IX process. Values for the parameters 
were determined from the models by fitting statisti- 
cally the model equations to the IX data. The purpose 
of the modeling effort was to provide a descriptive 
tool of the IX process for allowing prediction of IX 
performance with different water compositions and 
at different operating conditions without the need 
for experimentation, or at least with a minimum of 
experimentation. 

One of the models predicts the equilibrium resin 
composition and the initial effluent water composi- 
tion during exhaustion. The other model describes 
the exhaustion effluent composition curves assum- 
ing that the rate of cation exchange between the 
resin and solution is controlled by the mass-transfer 
resistance of the “liquid film” surrounding the resin 
beads and that the absorption of hardness cations 
(calcium and magnesium) by the resin from solution 
is greatly preferred over the absorption of sodium. 
It was not possible to derive a model for the regen- 
eration step because of time; however, it is outlined 
in this report how one would approach the develop- 
ment of a regeneration model. 

2 



CONCLUSIONS AND 
RECOMMENDATIONS 

The success of testing LVS verifies previous projec- 
tions that IX pretreatment can help at LVS and at 
similar saline water sites to: 

1. Achieve 90 percent or greater product-water- 
recovery rates from desalination plants while mini- 
mizing the brine-disposal waste stream, 

2. Use saline water as makeup to evaporative 
cooling towers while minimizing the brine-disposal 
volume, 

3. Minimize the size of evaporation ponds 
needed to dispose of the waste brine. 

4. Reduce pretreatment costs compared to alter- 
native processes such as lime-soda softening, 

5. Facilitate the operation and performance of 
solar salt-gradient ponds by increased water and 
regenerant-brine recycling and by reduced overall 
system costs. 

Specific Conc/us~o~s regarding the IX pretreatment 
process were made from the LVS IX experiments 
and modeling. 

1. The cation-exchange pretreatment process 
was extremely successful in removing over 90 
percent of the calcium and strontium from La Ver- 
kin Springs water to allow demonstrated desalting 
recoveries up to 92 percent by an electrodialyzer 
while avoiding any precipitate formation in the 
concentrate stream. The reject brine from the 
electrodialyzer was ample regenerant for the IX. 
The IX process could pretreat LVS water equally 
well for other desalting processes or a wet binary 
cooling tower in which the waste brine would pro- 
vide regenerant for the IX. Specific resin capaci- 
ties for calcium removal were nearly double at 
LVS what they were at YDTF (the Bureau’s Yuma 
Desalting Test Facility, Arizona) for the same IX 
process. The high resin capacities at LVS are 
attributed to the high sodium concentrations and 
relatively large volumes of the reject-brine 
regenerant. The fresh reject brine was so effective 
by itself at LVS that recycled regenerant was not 
needed to help regenerate the cation-exchange 
resin. However, use of the recycled regenerant did 
aid in moderating the rate of formation of gypsum 
(calcium-sulfate dihydrate) scale in the resin bed 
and effluent piping, which resulted from regenera- 
tion with the sulfate-containing reject brine. 

2. At LVS, the accumulation of gypsum scale in 
the piping carrying the regeneration effluent 

caused maintenance problems by blockages in 
flow. Higher specific resin capacities for calcium 
removal were highly correlated with greater rates 
and amounts of gypsum precipitating in the 
IX-resin bed and effluent piping during regenera- 
tion. In qualitatives agreement with the published 
kinetics of gypsum precipitate formation, gypsum- 
scale accumulation in the resin bed increased with 
the calculated magnitude of calcium-sulfate 
supersaturation levels in the regeneration effluent 
and with the residence time for regenerant solu- 
tion in the IX-resin bed. The gel-type, cation- 
exchange resin tested at LVS, apparently because 
of its smooth, spherical surface and because of 
electrostatic repulsion of sulfate anion, shed 
calcium-sulfate scale more easily than the mac- 
roreticular resin, which contains porous channels, 
used at the YDTF. 

Restraining the resin bed during upflow regenera- 
tion and increasing the regeneration flow rate 
decreased the amount of gypsum precipitate 
retained in the resin bed, primarily because the 
regenerant residence time for the packed bed was 
only about one-fourth that duration for the fluid- 
ized bed. The observed benefit of a packed bed 
to lower gypsum formation in the bed conflicts 
with previous conclusions of others that a fluid- 
ized bed was necessary to prevent the accumula- 
tion of gypsum scale in the bed, although the 
previous investigations did not test a packed bed 
system like the one tested at LVS. Gypsum-scale 
accumulation in the regeneration-effluent piping 
was prevented where there was common piping 
for regeneration effluent and exhaustion feed, 
whereby the feed water redissolved any precipi- 
tate formed in the preceding regeneration. Recy- 
cling regenerant provided large volumes of 
weaker regenerant, which was used preceding 
fresh reject brine to decrease the peak level of 
calcium-sulfate supersaturation in the regenera- 
tion effluent. Separating the regeneration-effluent 
volume into selected fractions for regenerant 
recycling could provide any desired lower concen- 
tration of sodium in the recycled regenerant to 
blunt the initial calcium-sulfate supersaturation 
peak in the regeneration effluent. Such use of 
graded recycled regenerant would limit the 
gypsum-formation rate to control scaling in the IX 
system without wasting water, which would lower 
the overall water recovery of the IX-desalting 
system. 

3. At LVS, no problems of microbiological foul- 
ing from the IX product water were observed as 
had occurred at the YDTF. The control of the mi- 
crobiological growth at LVS was attributed 
primarily to rechlorination of the IX product. 

3 



4. The laboratory experimentation yielded IX 
resin capacity data that was comparable to those 
capacities obtained in the field experiments. 
However, because synthetic chloride solutions 
simulated LVS cationic water compositions the 
laboratory experiments did not include any gyp- 
sum precipitation during regeneration. The total 
cost of the laboratory experiments was less than 
one-tenth of the cost of the field IX experiments. 
A greater amount of information on the behavior 
of the IX process was obtained by extending the 
influent-solution volumes of exhaustion and regen- 
eration to where ionic equilibrium between the 
influent solutions and IX resin was approached. 
More common experimental practice, which 
directly simulates commercial IX operation, is to 
restrict volumes by a set maximum calcium break- 
through concentration during exhaustion and a 
practical brine volume during regeneration. Yet, 
data collected - while using the extended 
exhaustion and regeneration volumes -were suc- 
cessfully interpolated to include the exhaustion 
step terminated at practical calcium breakthrough 
concentrations. 

5. In the laboratory experiments, a range of 
water temperatures of 15 to 35 ‘C had no signifi- 
cant effect upon the cation-exchange equilibrium 
or the mass-transfer rates including the shapes of 
the exhaustion-breakthrough curves. In the field 
experiments, increasing temperature did increase 
the rate of gypsum precipitation in the IX system 
during regeneration because the reject-brine 
regenerants contained sulfate. Thus, the present 
application of IX temperature need only be 
considered important for gypsum formation dur- 
ing regeneration but not for the cation-exchange 
process itself. 

6. Laboratory experimental results confirm that 
the IX process without preceding lime softening 
can effectively remove the calcium and other mul- 
tivalent cations (which doesn’t include silica) 
required for scale-free, high-recovery desalting of 
aerated LVS well water. The resin volume needed 
to soften aerated LVS well water would be about 
29 percent greater than the resin requirement to 
soften further by IX the water pretreated with 
lime. The 29-percent larger IX plant would be sub- 
stantially cheaper than the inclusion of the addi- 
tional lime-softening pretreatment step. However, 
without lime treatment to remove silica, the silica 
in LVS water poses a potential scaling problem, 
which needs to be investigated further at 
recoveries above 80 percent in processes that 
concentrate silica, such as reverse osmosis, distil- 
lation, and wet binary cooling towers. Because 
electrodialysis does not concentrate un-ionized sil- 
ica, there definitely would not be a silica-scaling 

problem at LVS with electrodialysis whether or 
not the silica were removed. 

7. The success of modeling the present IX proc- 
ess was mixed. Qualitatively, the modeling was 
very successful in better understanding and 
describing the IX process, especially considering 
this was the Bureau’s first attempt at IX modeling. 
Quantitatively, the models need more develop- 
ment including more IX data for their confirmation 
to provide more accurate estimates. 

A. Equilibrium-model estimates of specific 
resin capacity for calcium removal were low rel- 
ative to experimental values; still, they were 
judged useful if experimental data is 
unavailable. 

B. Equilibrium-model estimates of calcium and 
magnesium concentrations in the initial effluent 
from exhaustion were low relative to experi- 
mental values, which is attributed primarily to 
hydrodynamic aspects of flow through the 
porous resin bed not included in the equilibrium 
model, which includes the assumption of 
instantaneous chemical equilibrium between 
resin and solution. 

C. For exhaustion of the laboratory IX cycles, 
the initial bend of the “S” shaped curve of cal- 
cium concentration versus throughput volume, 
which includes the practical range of break- 
through concentrations of calcium, is fit well by 
a two-parameter exponential equation derived 
from a liquid-film, mass-transfer model. Mass- 
transfer coefficients calculated using the model 
and laboratory data were of the same 
magnitudes as previously published results and 
increased with the 1.2 power of flow velocity, 
which also agrees within experimental error 
with published values. 

Recommendationsare made regarding future study 
and further optimization of the ion-exchange pre- 
treatment of LVS and other saline waters for 
desalting feed water or cooling tower makeup. 

1. The use of weaker recycled regenerant solu- 
tions to lower the peak level of calcium-sulfate 
supersaturation in the regeneration effluent needs 
to be detailed in concept, confirmed in laboratory 
experiments, and later demonstrated in the field. 

2. Likewise, to prevent gypsum-scale accumula- 
tion in the regeneration effluent piping, develop- 
ment and demonstration is necessary regarding 
the rinsing by exhaustion feed water of the midcol- 
umn collector that collects regeneration effluent 
and helps to maintain a packed bed. 
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3. The equilibrium model needs to be refined 
from more complete cation-equilibrium data from 
the laboratory for the system DOWEX@ HCR-W2- 
calcium-magnesium-sodium. Such data has been 
collected in the Bureau’s laboratory and includes 
development of an improved equilibrium model in 
a parallel study of the present work. 

4. Future field experiments of ion exchange 
should include, but not necessarily be limited to, 
exhaustion and regeneration to near chemical 
equilibrium between solution and resin. This will 
provide more information per IX cycle by com- 
pletely characterizing the effluent-concentration 
histories, which will better define IX behavior for 
improved IX performance modeling and predic- 
tion, with little increase in the collected data and 
associated costs. 

5. The liquid-film or similar models for the 
exhaustion-effluent-concentration history should 
be expanded to include three and possibly four 
cationic components, which will require a finite- 
difference, numerical solution using a computer. 

. 
6. Additional column experiments using a range 
of calcium, magnesium, and sodium concentra- 
tions in the exhaustion-feed water and regenerant 
solutions will be needed to develop and confirm 
the multicationic mass-transfer model in 5. above. 

7. The regeneration step should be modeled to 
include the effect of limited regenerant volume 
and partial regeneration on exhaustion perform- 
ance. The model of regeneration should include 
unfavorable equilibrium relationships (propor- 
tional patterns of effluent-concentration histories) 
with possible corrections, if necessary, by includ- 
ing mass-transfer-rate limitations. 

8. Further work is needed to define accurate 
silica-concentration limits prior to the onset of sil- 
ica precipitation of LVS aerated water. This infor- 
mation will determine whether cation exchange 
can completely replace lime treatment as a pre- 
treatment at LVS for processes that concentrate 
the silica present in the well water to concentra- 
tion factors above 4. 

BACKGROUND 

IX Process Description 

Utilizing the reject desalting brine or cooling tower 
blowdown to regenerate a fixed bed cation- 
exchange softener often requires different 
procedures [8 to 1 l] than when using common 
sodium-chloride regenerant solution [ 121. These dif- 
ferences listed in table 2 are required because of the 

occurrence of supersaturated calcium sulfate in the 
effluent of regeneration with sulfate-containing 
brines and to the limited volume of regenerant (reject 
brine) available per IX cycle. 

The individual steps of a typical IX cycle using 
desalting-reject-brine regeneration and recycled 
regenerant in table 2 have the following purposes. 

Exheustion. - Feed water is softened (calcium and 
magnesium ions are absorbed) by downward flow 
through the cation-exchange-resin bed. Exhaustion 
of the resin continues until the calcium concentra- 
tion in the effluent increases to a set breakthrough 
concentration, which is determined by the maximum 
allowable calcium in the effluent while avoiding gyp- 
sum precipitation. Then exhaustion is terminated. 

Exhaustion is the only step in the IX cycle when water 
is being pretreated. All other steps in the cycle pre- 
pare the resin for this softening step. Exhaustion also 
sometimes is called “service.” 

Drain 7. - Feed water is removed from the resin bed 
to avoid excessive dilution of recycled regenerant in 
the following step. 

Regeneration 7. - Recycled regenerant from a 
storage tank is used for an upflow backwash and par- 
tial regeneration. This backwash removes suspended 
particles filtered from the feed water during 
exhaustion and reclassifies the resin beads by par- 
ticle size with increasingly larger particles closer to 

Table 2. - Comparison between an IX softening cycle 
using NaCI regeneration and a cycle using desalting 
reject-brine regeneration 

Mode Input output Flow 
direction 

A. NaCl regeneration used in standard cation-exchange softening 
Exhaustion Feed Product Down 
Backwash Feed Waste UP 
Regeneration NaCl solution Waste Down 
Drain Vent or air Waste Down 
Slow rinse Feed Waste Down 
Fast rinse Feed Waste Down 

B. Regeneration with desalting brine for high recovery pretreatment’ 
Exhaustion Feed Product Down 
Drain 1 Vent or air ‘Waste Down 
Regeneration 1 Recycled regenerant Waste UP 
Regeneration 2 Recycled regenerant Used regenerant Up 
Regeneration 3 Fresh desalting reject Used regenerant Up 
Drain 2 Vent or air ‘Waste Down 
Rinse (slow) Feed ‘Waste Down 

’ Except for Regeneration 1, waste streams could be recycled by 
combining them with other process streams to minimize the net 
wastage of water. The penalty for recycling these streams would be 
fractionally larger equipment capacity to handle the recycled flow. 
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the top of the bed and finer resin particles toward 
the bottom. The effluent of Regeneration 1 is the 
major process waste stream containing nearly the 
total volume of reject from the coupled desalting or 
cooling process when the total reject volume is used 
to regenerate the IX. Regeneration 1 volume per 
cycle should match Regeneration 3 volume for 
steady-state system if there are no other regenerant 
losses. 

Regeneration 2. - Recycled regenerant continues to 
pass through the resin bed upflow, but the used 
regenerant is returned to the recycling system for 
further use. 

Regeneration 3. - Fresh reject-brine regenerant 
passes upflow through the resin bed providing a 
higher strength regenerant than the recycled 
regenerant. The effluent is recycled for use in 
Regenerations 1 and 2. 

Drain 2. - The excess regenerant is removed from 
the resin bed to lower the subsequent rinse volume. 

Rinse. - The remaining regenerant is flushed down- 
flow from the resin to provide a highquality effluent 
in preparation for the beginning of the exhaustion 
step of the following cycle. 

The LVS field experiments included the cycle above 
and variations to it. In the laboratory experiments, 
the exhaustion step was taken beyond a normal 
breakthrough concentration to approach total equi- 
librium of the resin with the feed solution. 

The average volume of fresh regenerant Vr available 
per IX cycle from desalting reject is a function of the 
desalting recovery and the exhaustion throughput 
volume per cycle. A flow balance between the IX and 
desalting processes yields V, as a function of the 
fractional desalting recovery R and the volume of 
exhaustion product per cycle V, according to: 

v, = V,(l - R) 

Supersaturated calcium sulfate in the regeneration 
effluent is a consequence of the high concentrations 
of calcium eluting from the cation-exchange resin 
during regeneration plus high concentrations of sul- 
fate contained in the desalting reject brine. To avoid 
gypsum (calcium sulfate dihydrate) scaling of the 
resin bed, the regeneration is carried out with 
upward flow, countercurrent to downward flow of 
the exhaustion step, and the upward flow is at a suffi- 
cient velocity to fluidize the bed similar to a back- 
wash. Similar methods were developed for the 
regeneration of IX resins using sulfuric acid [13]. 
Because the precipitation of gypsum crystals is not 
immediate but delayed due to the reaction kinetics 

of gypsum formation [ 141, the regenerant solution 
can be passed through the resin bed rapidly enough 
in many cases that no significant amount of gypsum 
can accumulate in the bed. 

Recycling some of the regenerant (an innovation 
developed at the University of California [lo]) off- 
sets the limited volume of fresh desalting reject 
made per IX cycle according to equation 1. This lim- 
ited regeneration volume becomes particularly 
important with the high-regeneration flow rates used 
to prevent gypsum accumulation in the resin bed 
because mass-transfer rates may be insufficient to 
adequately regenerate the resin in the resulting lim- 
ited regeneration time. 

Recycling the regenerant involves desupersaturation 
of the calcium sulfate in the used regenerant. This 
is accomplished by contacting the used regenerant 
solution with gypsum crystallites in an agitated tank 
which operates as a batch system [lo] or a spiractor 
which operates continuously [5,6,15]. The seed 
crystallites are gypsum precipitate retained from pre- 
vious IX cycles. After stopping the agitator in a batch 
recycling tank, the gypsum crystals separate from 
the solution by sedimentation. In a spiractor, the 
solids-liquid separation occurs because of centrifu- 
gal force like that of a cyclone where the fluid is 
forced along a circular path and the momentum of 
the suspended particles carries them to the circular 
wall where they collect and settle out. Because pre- 
cipitation and settling of gypsum removes calcium 
and sulfate ions from solution, it also lowers the TDS 
(total dissolved solids) concentration of the used 
regenerant. The clear supernatant becomes recycled 
regenerant and is transferred to a storage tank. 
Because the recycled regenerant has a lower con- 
centration of sodium, a lower total solution normal- 
ity, and a higher calcium concentration compared to 
fresh reject brine, it could remove less calcium from 
the resin than fresh regenerant and is used prior to 
fresh regenerant. 

Ion-exchange performance to absorb a particular ion 
is characterized by the specific resin capacity. the 
gram equivalents of the ion absorbed during an 
exhaustion step of an IX cycle per volume of resin. 
In the present application, the cation needing re- 
moval is calcium. The specific resin capacity for cal- 
cium removal 9ca is a complex function of feed and 
regenerant compositions, total cationic exchange 
capacity and selectivity of the resin, and IX cycle 
operating conditions including flow rates, solution 
throughput volumes, and contact times between 
solution and resin. The effects of these variables on 
9ca are major subjects of this report. 

The value of 9Ca (in a similar manner me) can be 
calculated from IX exhaustion performance data 
using: 
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“e c%a - 0 . / 
“L9 

pCa dve’ 
%a = 

where: 
%a = 

v, = 

cl,a = 

%J = 

“A” = 

the specific calcium resin capacity 
eq/m3. 

the throughput volume of the 
exhaustion step m3, 

the calcium concentration in the IX 
feed water eq/m3, 

the calcium concentration in the IX 
effluent eq/m3, and 

the volume of resin m3. 

The integral term in equation 2 generally is estimated 
numerically from discrete measured points of PC, 
versus V . In the present work, the trapezoidal rule 
was use d . 

Because the IX resin is often the greatest capital cost 
item in an IX plant, it is important for feasibility and 
design purposes to estimate the amount of resin 
required to treat a particular flow. Derived from a 
mass balance of calcium the total volume of cation- 
exchange resin, Vresin in m3, needed to treat an aver- 
age feed flow, Gf d 

f 
in m3/h, from a feed-calcium 

concentration of Ce eq/m3 can be calculated from: 

“ki” = Greed ( Cica - C %a) tc 
Qca 

where: 
tc = the duration of the IX cycle in hours. 

Thus, when using pilot plant performance to calcu- 
late the amount of resin required to treat a given feed 
flow and calcium removal, it is important to include 
not only ke but also fc in the calculations. The cycle 
duration is the sum of the durations of each IX step 
according to: 

“e ‘c-G+ 
“,(1-R) “, 

+ G,+fo (4) 
8 Gf 

where: 

2* 
= volume of the exhaustion step m3, 
= flow rate of exhaustion m3/h. 

3 
= flow rate of fresh regenerant m3/h, 

4 
= volume of recycled regenerant m3. 
= flow rate of recycled regenerant 

m3/h, and 
to = durations of other steps in the cycle 

including rinse, backwash, and 
drains, h. 

The numerator of the second term on the right side 
of equation 4 is the fresh regenerant volume from 
equation 1. 

Equation 4 illustrates how $ decreases as flow rate 
of exhaustion or regeneratron are increased. How- 
ever, an increased flow rate also can decrease qCa 
because of mass-transfer rate limitations which leads 
to decreased V, per cycle. Thus, to compare various 
IX cycles in terms of the resin requirements for a 
plant design, a new combined variable is introduced. 

The time-weighted resin capacity W for calcium 
removal is defined by: 

W QCa 
=- 

CT 

The units of Ware equivalents of calcium per 
cubic meter of resin per unit of time. Use of sub- 

script Ca with W is not used for brevity as with 
qce but W always implies absorption of calcium 
in this report. Note that W is inversely propor- 
tional to Vr~sin according to equation 3. 

There are practical hydraulic limitations which 
need to be considered in increasing flow rates. For 
example, a lower range of G* may be accom- 
plished by gravity flow through the resin bed but 
higher G would require an applied pressure to 
the top ofthe bed requiring a pressure vessel and 
greater pumping costs [ 161. Thus, comparisons of 
IX performances among various cycles using their 
values of W alone are useful only within certain 
ranges of flow rates. 

Y DTF Results 

The IX experiments at LVS were done after the simi- 
lar series of experiments at the Bureau’s YDTF in 
chronology and experimental design. Many of the 
findings from the YDTF were applied to the LVS 
experiments. A summary report [17] and a com- 
prehensive final report [18] contain the data and 
analysis of the YDTF IX study. A summary of key 
YDTF results important to the LVS experiments are 
summarized here. 

1. IX cycles having the steps listed in table 28 
were the most successful in maximizing Wwhile 
controlling any accumulation of gypsum scale in 
the resin bed. Thus, the use of a fluidized bed in 
regenerating the resin upflow and the use of 
recycled regenerant were confirmed. 

2. Temperature was found to be a critical vari- 
able in determining the rate of formation of gyp- 
sum in the resin bed during regeneration. Higher 
temperatures caused faster rates of gypsum 
formation in the bed. Relatively low regeneration 
flow rates were insufficient to fluidize the bed ade- 
quately and lower the residence time of supersat- 
urated regenerant solution for avoiding scale 
accumulation as described in 1. above. 
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3. There was insignificant correlation between
the intensity of the gypsum scaling observed in the
resin bed and IX performance in terms of soften-
ing. Permanent harm to the resin from the scaling
was not observed. Accumulation of scale was
removed from the resin bed by dissolution in a
sodium chloride solution. The importance of gyp-
sum scaling involved the need to maintain uniform
flow distribution in the resin bed and to avoid flow
blockage in the regenerant effluent piping.
Accumulation of scale did not occur where the
regenerant effluent and exhaustion influent piping
were common because the feed water would
redissolve any gypsum crystallites formed in the
bed and common piping during the previous
regeneration.

Reclamation [6] describe the equipment for each
test and contain the raw data. However. neither
report contains an adequate analysis of the IX data
nor presents conclusions. An analysis of the ED (elec-
trodialysis) unit performance used for making the
reject brine for IX regeneration is in another
report [7].

Equipment

The IX equipment was described in detail (including
photos and drawings) in a report of the IX experi-
ments at the YDTF where the equipment was first
operated [18]. The equipment was moved to LVS
and modified slightly as described below. The test
site is shown on figure 1. A flow sheet of the IX-ED
system is shown on figure 2.

4. The addition of 100 g/m3 of SHMP (sodium
hexametaphosphate) to the regenerant com-
pletely eliminated gypsum formation in the sys-
tem. However. the addition of SHMP to the
regenerants in a future IX plant at Yuma. Arizona.
is not recommended because higher resin capaci-
ties occurred during cycles without SHMP and the
addition of SHMP would be a multimillion dollar
annual cost which is infeasible.

The IX pilot plant contained two transparent acrylic
columns, 2.5 meters high and 0.34 meter inside
diameter, each charged with about 1.15 cubic
meters of DOWEX@ HCR-W2 gel-type cation
exchange resin. Manufacturer's specifications for

5. Microbiological growth occurred in the IX
product water as a result of an absence of any dis-
infection following the IX. As a result. there were
consistently high plugging-factor readings in the
desalting feed water which would probably cause
membrane fouling and loss in desalting perform-
ance as observed in the electrodialysis unit oper-
ated following the IX.

6. There was no observed advantage in using
macroreticular cation-excha!1ge resin in the IX
experiments at the YDTF compared to what
would be expected with the cheaper and slightly
higher capactiy gel-type resin. Although the gel
type was not tested at the YDTF. it had been suc-
cessfully tested in similar applications
elsewhere [10.11.15].

LA VERKIN SPRINGS FlEW

EXPERIMENTS

Introduction

Ion exchange experiments were one of the most
important aspects of field testing at La Verkin
Springs. Other pi~t plant equipment tested at LVS
included aeration diffusers to remove carbon diox-
ide gas from the raw well water. a lime-softening-
filtration system. a spiractor for desupersaturating
calcium sulfate, and a reverse osmosis unit. Reports
by the site contractor [5] and by the Bureau of Figure 1. -View of the laverkin Springs test site.
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the resin are in appendix A. Much of the IX was con- 
trolled by a microprocessor operating about 35 elec- 
tric motor-operated valves and 4 pumps. Figure 2 
shows the various tanks used to store the various 
solutions including tanks 5 and 6 used to recycle 
regenerant. 

At LVS, there were four changes made to the IX pilot 
plant equipment based on previous results at the 
YDTF described in the previous section of this 
report: 

1. The Amberlite@ 200 macroreticular cation 
exchange resin used at the YDTF was replaced at 
LVS with DOWEX@ HCR-W2 gel-type cation- 
exchange resin. The gel-type resin was selected 
for LVS because: 

a. The higher physical strength of the macrore- 
titular type is unnecessary in the present proc- 
ess application. 

Lime- 
softened 

water ED feed 

--c -- - 

IX ED 
T-9 T-33 

(11 900L) y+ (11 100) -+ 

Agil :at 

b. The availability of the gel type is greater and 
its cost is lower. 
c. The specific capacity of the gel type is 
about 10 percent greater. 

d. The gel type has a smoother bead surface 
presumably allowing less adhesion of gypsum 
when formed during regeneration. It would be 
possible that gypsum could precipitate inside 
the pores of the macroreticular type, except for 
the fact that the pores are so small that the high 
negative charge density of the cation-exchange 
material probably excludes to a large extent the 
sulfate (divalent anion) from the resin-bead 
pores by electrostatic repulsion [ 191. 

2. A heat exchanger was added to allow heating 
the IX regenerant to the maximum expected sum- 
mertime water temperature of about 25 OC. The 
purpose of heating the regenerant was to simulant 
the worst operational condition of gypsum precip- 
itation where the gypsum precipitation was at its 

G-7 -- cz-7 

T-5. T-1 
(3250L) (846L) 

-I \IX prc 

Fresh r 

)duct 

\ Recycled regenerant 

Pumps Processes 

P-l Regenerant IX Ion exchanger T-l 
P-3 IX feed ED Electrodialyzer 
P-4 Recycled regenerant SCT Solids contact tank (T-6) T-2 

transfer (Calcium sulfate 
P-5 Fresh regenerant precipitator for T-5 

transfer recycling regenerant) T-9 
T-10 
T-28 
T-32 
T-33 

ED electrode 

Tanks 

Recycled regenerant 
(metering) 

Fresh regenerant 
(metering) 

Recycled regenerant 
IX feed 
IX feed 
ED brine 
Sodium chloride solutioning 
IX product/ED feed 

Figure 2. -Flow schematic of La Verkin Springs IX pilot plant. 
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maximum rate expected at LVS. The shell-side 
heating fluid for the heat exchanger was excess 
raw well water, which had a temperature averag- 
ing about 40 OC. 

3. A system was installed in the IX column of the 
pilot plant for maintaining a packed resin bed dur- 
ing high upflow regeneration flow rates [20,2 11. 
The system used a regeneration-effluent collector 
consisting of a cross of perforated pipe wrapped 
with No. 53 mesh-plastic screen, which is small 
enough to exclude resin particles larger than 
about 0.28 mm in diameter. As listed in appendix 
A, the HCRW2 resin used was 99 percent larger 
than U.S.A. Standard sieve No. 40 (mesh) or 
greater than 0.42 mm in diameter. This collector 
was installed about 50 millimeters below the top 
of the settled resin bed. 

Operation of the packed bed system involving the 
transition between Regeneration 1 and Regenera- 
tion 2 in table 28 is illustrated by the four steps 
on figure 3: 

A. After completion of a usual 
Regeneration 1, which is a 1 O-minute back- 
wash with recycled regenerant, 

B. The upward flow through the column was 
stopped, the resin was allowed to settle, and 
the solution in the column was drained to the 
level of the collector. This left about a 50-mm 
depth of resin at the top of the bed in contact 

-aUSED REGENERANT AIR VENT 
WATER y 

RECYCLED 
REGENERANT 

(A) BACKWASH 
CAUSING 
FlUlDlZED 
RESIN BED 

with moist air rather than being submerged in 
solution. 

C. Just prior to Regeneration 2, a small flow 
of compressed air causing 50 to 100 kPa of 
pressure in the column was applied to the top 
of the column and the air allowed to exit the 
column through the midcolumn collector. 

D. When Regeneration 2 was started, this 
downward airflow was sufficient to cause the 
upward flowing regenerant to leave through 
the midcolumn collector with the air and to 
maintain a packed bed. With the packed bed 
system, the maximum upward regenerant flows 
were 50 percent greater - limited only by the 
capacity of the regeneration pump - than the 
flow rates that were normally used for regenera- 
tionwitha fluidized bedexpanded by:50percent. 

4. An additional secondary chlorination system 
was installed to control microbiological growth in 
the IX product water piping and storage tank. The 
system added sodium hypochlorite solution to 
maintain a chlorine residual of 0.5 g/ma in the IX 
product water. A dechlorination system was 
installed to add sodium sulfite to water leaving the 
IX product tank. The free chlorine residual was 
removed prior to the ED to prevent chlorine attack 
of the ED membranes. 

Experimental Procedures 

Pilot-plant operators (on duty 24 hours per day) 
measured and adjusted flow rates, measured tank 

COMPRESSED AIR COMPRESSED AIR 

v CLOSED BOTTOM 
USED REGENERANT 

TO WASTE 

(8) DRAIN AND (C) AIR APPLIED 
SETTLING JUST PRIOR 
OF BED TO (D) 

Figure 3. - Operation of packed bed system during regeneration. 
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volumes, and titrated samples of the IX exhaustion 
effluent for determining calcium breakthrough of the 
resin bed to terminate exhaustion. They made other 
readings and measurements, collected samples for 
the laboratory chemical analyses, and recorded 
observations. Chemical analyses of sodium, calcium, 
and magnesium were by atomic absorption spectro- 
photometry. More detail on measurement and calcu- 
lation methods were published previously [ 181. 

Desalting recovery was related to reject-brine TDS 
concentration by: 

where: 
R = the desalting recovery percent, 

C ’ f = TDS concentration of reject brine 
g/m3. 

C’, = TDS concentration of desalting 
feed g/m3. and 

C’, = TDS concentration of desalting 
product g/m3. 

Equation 6 was derived from a TDS mass balance 
about the ED unit. R was calculated using equation 
6 because chemical analysis data was subject to less 
error than flow measurements. Two levels of reject- 
brine TDS concentration C’, operated at LVS were 
about 42 and 97 kg/m3, which correspond to 
desaiting recoveries of 80 and 92 percent, 
respectively. 

A trial and error approach was necessary to obtain 
the balance of feed and regenerant-brine flows dic- 
tated by equation 1. The process was judged at equi- 
librium after at least three repetitive cycles when the 
actual fresh regenerant volume and the volume 
calculated using equation 1 agreed within 10 per- 
cent. Unfortunately, because the LVS operating per- 
sonnel did not accurately determine the brine TDS 
concentration during operation of the IX experi- 
ments, they presumed from ED operating data that 
the ED recovery was 90 percent at the higher level 
rather than the 92 percent that was later calculated 
from the laboratory TDS data. As a result, the fresh 
regenerant volume used per cycle at the higher brine 
concentration was about 20 percent too high. 
However, the recovery at 80 percent was correctly 
estimated in the field, and the regenerant volume 
and exhaustion volume balanced according to equa- 
tion 1 at 80 percent recovery. 

Experimental Design 

The IX experimental design at LVS was in the nature 
of screening experiments [22]. The independent or 
control variables were controlled at just two levels 

in nearly every case. Dependent or response vari- 
ables were measured at each set of control variables. 
Sufficient time was not available to experiment with 
intermediate control levels to generate response sur- 
faces with equations higher than first order and 
therefore establish curvature between the control 
and response variables. Because the IX data were 
collected for feasibility and not design purposes, the 
amount of IX data collected at LVS by this 
experimental design was more than sufficient. 

Dependent variables - Dependent variables are also 
called the response variables. They are: 

Specific resin capacity for calcium removal qCa, 
Time-weighted resin capacity W 
Intensity of gypsum scale in the resin bed, and 
Calcium-sulfate supersaturation in the regenera- 

tion effluent. 

The values of qCa were calculated using equation 2 
with the integration done numerically using the trap 
ezoidal method. Equation 5 defines W Operating 
personnel qualitatively observed and recorded the 
intensity of gypsum scaling within the transparent IX 
column. An estimate of the amount of calcium- 
sulfate supersaturation in the regenerant effluent 
was calculated using a computer program listed in 
appendix C, modified from one developed by Mar- 
shall and Slusher [23]. 

Independent variables - Independent variables are 
also called the control variables. In the field experi- 
ments they were: 

Fresh regenerant TDS concentration C ‘f g/m3, 
Fresh regenerant flow rate Gf m3/s, 
Recycled regenerant flow rate G, m3/s, 
Recycled regenerant volume V, m3, 
Regenerant temperature Tf degrees Celcius, 
Fluidized versus compacted resin bed during 

regeneration, 
Addition of SHMP to the regenerants, and 
Special rinse procedures. 

The regenerant brine TDS concentration was used 
to to determine other variables. Desalting reco 
was related to Cf by equation 6. As discussec 
viously, equation 1 fixed the volume of fresh rc 
ant to be used per cycle. The calcium break? 
concentration allowed before terminatior 
exhaustion step was varied as a func 
regenerant-brine concentration to more res 
reflect the different calcium-removal requi 
for preventing calcium-sulfate precipitation a 
ent brine-concentration factors. Calcula, 
calcium-sulfate-saturation concentrations [ 
LVS reject-brine compositions yielded 6 eq/ 
12 eq/m3 of calcium for desalting recoveries 
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and 92 percent, respectively. Thus, calcium- 
concentration set points of 6 eq/m3 and 12 eq/m3 
in the exhaustion effluent were used by the operators 
to terminate the exhaustion step during cycles with 
fresh regenerant TDS concentrations of 42 and 
97 kg/m3, respectively. These set-point concentra- 
tions were conservatively low because the average 
calcium concentration of the exhaustion effluent 
was always much lower than the breakthrough con- 
centration. This means that more feed water could 
have been passed through the resin during each 
exhaustion step, which would have yielded higher 
qCa, while still avoiding any gypsum precipitation in 
the ED. 

Regenerant temperature was either ambient or 
raised to about 25 “C by a heat exchanger. The 
method for maintaining a compacted resin bed dur- 
ing upflow regeneration is described in the equip- 
ment section; otherwise the bed was fluidized. The 
SHMP addition to the fresh regenerant was at levels 
of zero, or at 100 g/m3 which is probably impracti- 
cally high. 

Special rinse procedures sometimes replaced the 
standard rinse in table 2 following regeneration with 
a compacted resin bed. The purpose of the special 
rinses was to try to alleviate some of the gypsum- 
scale accumulation in the resin bed and 
regeneration-effluent piping. Special Rinse 1 was an 
upflow rinse having a fluidized bed followed by a 
downflow rinse. Special Rinse 2 had three parts: a 
l-minute downflow rinse, a 1 O-minute simultaneous 
upflow and downflow rinse exiting through the mid- 
column collector, and a final l-minute downflow 
rinse. 

Results 

Table 3 summarizes the experimental pilot-plant data 
for the 16 IX data cycles completed in the 
experimental design at LVS. Figure 4 graphically 
shows the responses of the dependent variables 9ca 
and Wfrom table 3. Comprehensive sets of raw and 
calculated data for each of the data cycles is in 
appendix B. The cycle designations refer to, in order, 
L for La Verkin Springs, the IX run number operated 
at a given set of operating conditions, and the num- 
ber of cycles completed at that operating condition 
culminating in the data collection cycle. Gaps in the 
numerical run number sequence occur because not 
all of the originally planned run conditions were 
started or completed with a full set of data because 
of the findings from preceding experiments or a limit 
of time. Note that the total number of cycles op- 
erated at the 16 operating conditions add up to 432, 
a relatively large number, which is why the experi- 
ments took some 3 months of continual operation 
to complete and were many times more expensive 
than the laboratory IX experiments. 

Some of the chemical analysis results in appendix B 
are apparently in error. Indications of analytical error 
are that the equivalents per liter of anions and 
cations reported in some of the water samples do not 
balance as closely as the expected precision of the 
analytical methods and that the total normalities of 
the solutions flowing into and out of the IX resin bed 
are not always nearly equal when they must be (un- 
less at the beginning of a step another solution from 
a preceding IX step had not yet been displaced). The 
errors are most apparent in the compositions of the 
regenerants. which required extreme dilution prior to 
analysis by atomic absorption spectroscopy because 
of their high ionic concentrations, that were done by 
the E&R Center chemistry laboratory. Many of the 
samples were rerun at the E&R Center; still, a few 
of them seem to be in error. Generally, the analyses 
done by the Bureau’s Boulder City, Nevada, regional 
laboratory and the laboratory at the YDTF do not 
have such inconsistencies. Fortunately, the exhaus- 
tion samples, used to calculate the resin capacities, 
seem to be reasonably accurate. The results pre- 
sented and discussed in this report are thought to be 
based on accurate chemical analyses, unless 
otherwise explicitly indicated. 

The amount of gypsum scaling in the resin bed, 
another interesting response variable, was not 
directly quantifiable. Qualitative gypsum scaling 
observed in the resin bed are noted in the following 
paragraphs analyzing the response to each control 
variable. In addition, calculated calcium-sulfate 
supersaturation levels in some of the regeneration- 
effluent solutions is in table 4. Values in table 4 rep- 
resent the amounts of calcium sulfate that would pre- 
cipitate from the supersaturated regenerant-effluent 
solution if allowed to come to equilibrium at 25 “C. 
The complete computer printouts of the results and 
the computer program used to calculate these 
supersaturation values are listed in appendixes C 
and D. 

Regeneration TDS concentration. -As shown on fig- 
ure 4, both 9Ca and W were higher with C’f= 
92 g/L (92 percent recovery reject brine) than they 
were with C’f= 40 g/L (80 percent recovery reject 
brine). For the last 1 1 runs of the 12. with C’f= 
92 g/L excluding run number 5. it is remarkable 9ca 
was so invariant, relatively (mean of 1.032 eq/L and 
standard deviation of 0.046 eq/L). With C’f= 
40 g/L, no gypsum scale accumulated in the resin 
bed when recycled regenerant was used preceding 
fresh regenerant, which agrees with results at the 
YDTF [18]. Note also that the amount of supersat- 
uration in the regeneration effluent was also rela- 
tively lower under these conditions (cycle L.02.12 in 
table 4). But with C’f= 92 g/L, gypsum scale 
remained in the IX column at the end of regen- 
eration with all operating conditions except when 
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Table 3. - Results of La Verkin Springs ion exchange experiments 

N Fresh Fresh Recvcled Recycled Fresh Calcium Exhaus- Cycle Exhaus- Time- 
Cycle 0 1980 regen . regen. regen. regen. regen. specific tion dura- tion weighted 
desig- t Date TDS flow flow volume temp. resin dura- tion fraction resin 

nation e run cont. rate rate 
OC 

capacity tion of cycle capacity 
S S/L L/min L/min L eq/L min min time meq/L min 

80 percent recovery reject brine regeneration. Exhaustion termination concentration 12 meq/L of calcium 
L.Ol.97 1-29 41.3 12.1 NA 0 15.5 0.585 120 216 0.659 
L.02.12 H 2-1 39.8 12.1 24.0 1591 11 .a 0.761 152 317 ,480 
L.03.35 PH 2-14 39.4 11.9 NA 0 25.9 0.681 153 253 .599 
L.04.11 PH 2-17 39.8 12.0 24.2 1673 25.5 0.860 189 370 .510 

L.05.54 
L.10.14 
L.12.22 
L.17.17 
L.18.13 
L.19.27 
L.20.09 
L.22.15 
L.23.19 
L.24.11 
L.25.22 
L.26.14 

92 percent recovery reject brine regeneration. Exhaustion tern nination concentration 6 meq/L of calcium 
H 2-28 92.0 26.0 NA 0 26.8 0.341 73 118 .619 
H 3-8 93.4 23.6 23.1 1594 26.4 1.019 187 308 .609 
PH 3-14 92.8 23.7 23.8 1610 25.0 0.996 201 318 .631 
PH 3-18 93.3 33.6 32.2 1602 25.7 1.082 196 296 .662 
P 3-21 91.3 23.6 24.1 1592 17.6 1.089 196 321 .610 
P 3-27 90.8 36.3 34.7 1597 13.6 1.012 188 283 .660 

3-29 91.9 23.7 23.6 1603 13.6 1,065 198 316 .630 
P 44 90.9 35.8 33.0 793 17.5 0.991 178 250 .710 
PS 4-16 90.0 24.0 NA 0 22.5 0.964 177 228 .780 
PHS 4-18 90.1 23.2 NA 0 29.5 1.030 191 243 ,786 
PRI 4-9 92.8 30.6 33.1 791 19.4 0.998 193 282 .680 
PR2 4-12 92.8 33.0 33.1 798 19.4 1.103 200 278 .760 

2.71 
2.40 
2.69 
2.32 

2.89 
3.31 
3.13 
3.66 
3.39 
3.58 
3.37 
3.96 
4.23 
4.24 
3.54 
3.97 

Notes: 
H - heat exchanger used to heat regenerant to summertime temperatures. 
P - resin bed packed during upflow regeneration. In other cycles the resin bed was fluidized during regeneration. 
s - SHMP (sodium hexametaphosphate) added to regenerant to prevent gypsum scaling. 
RI - special upflow rinse followed by a downflow rinse. 
R2 - simultanteous upflow and downflow rinses passing out of the column through the collector in top of the resin bed. 
NA - not applicable. 

SHMP was added to the fresh regenerant (see para- 
graph following regarding SHMP added). This agrees 
with data in table 4, which shows the greatest levels 
of supersaturation for cycles L.05.54 and later hav- 
ing C’f= 92 g/L of TDS. 

Use of recycled regenerant. - The use of recycled 
regenerant increased 9ce and moderated gypsum 
scaling. During run number 5 when recycled regener- 
ant was not used ( V, = 0) and C“= 92 g/L, gypsum 
scaling was so severe that flow distribution in the 
resin bed was hampered greatly and the gypsum 
redissolved during rinse and exhaustion, which 
apparently contributed to the lower 9~. The high 
level of gypsum scaling of run 5 agrees wrth the high 
level of supersaturation for L.05.54 in table 4. De- 
creasing V, from 1600 to 800 L without SHMP and 
to zero with SHMP had no significant affect on 9~, 
but decreasing V, did increase Was would be 
expected from equations 4 and 5. 

Packed bed and regeneration flow rate. - The maxi- 
mum regeneration flow rates ( Gf for fresh regenerant 
and G, for recycled regenerant) that were possible 
with a fluidized bed having 50 percent bed expan- 
sion were about 24 L/min at the lowest regenerant 
temperatures because the fluidized bed reached the 
top of the column at these conditions. Because there 

was not this limitation when a packed bed was main- 
tained, the regeneration flow rates could be 
increased to 36 Vmin, the upper limit for the flow 

Table 4. - Calculated calcium-sulfate supersaturation in 
regenerant effluent of selected L VS IX cycles. Each 
regeneration-effluent stream listed had the highest 
level of supersaturation in that respective IX cycle. 
Calculation procedure modified from methods 
developed by Marshall and Slusher [231 were 
detailed previously in the final Yuma high 
recovery report. I181 

Cycle Effluent 
number stream 

Calcium-sulfate 
Supersaturation (millimoles/L)* 

average peak 

L.02.12 Regeneration l/2 8.8 25.9 
L.03.35 Regeneration 3 34.8 60.5 
L.05.54 Regeneration 3 70.4 100 
L.10.14 Regeneration 2 29.7 70.6 
L.22.15 Regeneration 2 40.1 74.0 
L.23.10 Regeneration 3 83.2 150 
L.24.11 Regeneration 3 73.1 143 
L.26.14 Regeneration 2 46.7 84.0 

l Pbedicted amount of calcium sulfate that would be precipitated 
at 25 C if allowed to come to chemical equilibrium based on chemi- 
cal analyses of supersatured regeneranteffluent solutions given in 
appendix 6. 
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Calcium specific resin capacity (+ ) 

1.5 
80 - Percent reject- 
brine regenerant 

92 - Percent reject-brine regenerant 

Cycle: I 2 3 4 5 IO 12 17 18 19 20 22 23 24 25 26 

Calcium time-weighted specific resin capacity (k ) 

4F 92 - Percent reject-brine 
80 - Percent reject- regenerant 
brine regeneront 

o- 
Cycle: I 2 3 4 5 lo I2 I7 I8 I9 20 22 23 24 25 26 

Figure 4. - Specific calcium resin capacities and time-weighted resin capacities during LVS field experiments. 
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capacity of the regenerant pump used. Qualita- 
tively, there was less gypsum scale formed and 
accumulated in the resin bed at C’,= 92 g/L when 
a packed bed was used than when the bed was flu- 
idized during regeneration. This contrasts with the 
result that the average amount of calcium- 
supersaturation apparently was somewhat greater 
with the packed bed (cycles L.22.15 and L.26.14 in 
table 4) than with a fluidized bed (L. 10.14). However, 
during packed bed regeneration, gypsum scale 
accumulated gradually in the midcolumn collector 
system used to maintain the packed bed, which 
blocked regenerant flow. The obstruction of flow 
could only be eliminated by suspending operation 
while operators scraped the gypsum scale from the 
collector and, in the most severe cases, had to 
replace the piping because they were unable to 
remove the gypsum scale. Yet, there was no signifi- 
cant difference in qCa whether or not a packed bed 
was used. The use of a packed bed and a higher 
regeneration flow rate did increase W, largely 
because the cycle time was less according to 
equation 4. 

Regenerant temperature. - No consistent difference 
in qCa or Woccurred among the runs whether or not 
the heat exchanger heated the regenerant by up to 
15 “C. The gypsum scaling in the IX column was 
worse qualitatively at higher temperatures, which 
agrees with results at the YDTF. There was no appar- 
ent effect of temperature on the amount of calcium- 
sulfate supersaturation. 

SHMP added to the fresh regenerant - No gypsum 
accumulated in the IX system during the addition of 
100 g/m3 of SHMP (sodium hexametaphosphate) 
scale inhibitor to the fresh regenerant and with a 
packed bed, even when C,= 92 g/L and with no 
recycled regenerant, which create serious gypsum 
scaling without SHMP. Yet the amount of super- 
saturation in the regeneration effluent was greatest 
when SHMP was used (cycles L.23.10 and L.24.1 1 
in table 4). apparently because no recycled regener- 
ant was used at the time of SHMP addition. The use 
of SHMP did not increase 9ca despite the absence 
of gypsum-scale formation, but W increased 
because recycled regenerant was not used, which 
lowered tc by eliminating the third term of cycle time 
in the right side of equation 3. 

Alternative rinse procedures. - The special Rinse 1 
had no beneficial effect on moderating gypsum scal- 
ing in the resin bed. However, special Rinse 2 was 
successful in reducing visible gypsum scale in the 
resin bed, but there was still some scale buildup in 
the effluent collector piping. 

Gel-type resin. - Only macroreticular resin was op- 
erated at the YDTF, and only the gel type was tested 

at LVS. Thus no quantitive comparisons between 
performances of the two types of cation-exchange 
resin are possible. However, it was found qualita- 
tively that gypsum scale, when formed, was shed 
more easily from the surfaces of the gel-type resin 
than was observed with the macroreticular resin at 
the YDTF. With the gel resin at LVS. any gypsum in 
the resin bed acted like a separate slurry phase that 
did not stick to the resin beads but could be back- 
washed from the column. 

Chlorination of the IXproduct wate/: -High plugging 
factors did not occur in the IX product water at LVS 
as they did at the YDTF. At LVS, chlorination of the 
IX product apparently controlled microbiological 
growth and kept plugging factors low. Operation 
without chlorine in the IX product was not attempted 
at LVS. 

Discussion 

The relative constancy of the specific calcium resin 
capacity 9ca at about 1 .O eq/L when the fresh 
regenerant TDS. C ‘f = 92 g/L, at a variety of op- 
erating conditions suggests that the resin was nearly 
at equilibrium with the fresh regenerant solution fol- 
lowing regeneration during these cycles. This is 
verified by results from an equilibrium model in a 
later chapter on modeling. The maximum or total 
specific resin capacity of DOWEX@HCR-W2 in the 
sodium form is given in appendix A as 2.0 eq/L. The 
value of 1 .O achieved at LVS is nearly double the 
maximum value that was obtained at the YDTF, 
which cannot be accounted for in the 1 O-percent 
higher total capacity of the gel resin operated at LVS 
relative to the total capacity of the macroreticular 
resin used at the YDTF. But many other variables 
were different between the two sites, particularly the 
water compositions. A mass balance of sodium 
between the fresh regenerant and resin bed of the 
pilot plant per cycle at LVS shows that the equiv- 
alents of sodium in the fresh regenerant volume 
when C’,= 92 g/L was over five times the calcium 
resin capacity of the bed. It is also possible to 
conclude that the recycled regenerant had no signifi- 
cant benefit in increasingqc, in terms of IX equilibria 
and stoichiometry. 

Gypsum scale in the resin bed. - The recycled 
regenerant was beneficial, however, in limiting the 
detrimental effects of gypsum scale. Because the 
recycled regenerant is relatively weaker in strength 
(lower in sodium and TDS and higher in calcium) than 
the fresh regenerant. the recycled regenerant elutes 
calcium from the exhausted resin bed in lower con- 
centrations. The recycled regenerant also contains 
relatively less sulfate than the fresh regenerant. The 
relatively lower calcium and sulfate concentrations 
create a lower level of calcium-sulfate supersatura- 
tion in the recycled regenerant effluent compared to 

15 



the effluent from fresh regenerant that is not 
preceeded by recycled regenerant. 

The calculation of the amount of calcium-sulfate 
supersaturation in the regeneration effluent appears 
to correlate well with observations of gypsum scaling 
based on results at LVS and previous results from the 
YDTF [I 81. The supersaturation values in table 4 
tend to agree with the qualitative observations of 
gypsum scaling. Serious gypsum-scale accumulation 
in the IX system was largely avoided in the present 
pilot plant at temperatures up to about 30 o C when 
the average calcium-sulfate supersaturation level in 
the regeneration effluent was less than approxi- 
mately 40 millimoles per liter, the residence time in 
the resin bed was less than about 4 minutes, and 
recycled regenerant was used preceding fresh 
regenerant. Gypsum-scale formation was avoided 
with higher levels of supersaturation when the 
regenerant temperature was below 20 “C, which 
was shown to lower the kinetic rate of gypsum for- 
mation at the YDTF, and when SHMP was present 
to inhibit gypsum formation. 

The kinetics of gypsum formation are described by 
an equation from experimental work [ 141 on the rate 
of precipitation of gypsum from a supersaturated 
calcium-sulfate solution in the presence of gypsum 
seed crystals: 

dN --= 
dt 

knNz e -vRT (7) 

where: 

dN --= 
dt 

= 

k= 
n= 

N= 

E= 
R= 
T= 

rate of loss of supersaturated cal- 
cium sulfate, 

- rate of gypsum-precipitate forma- 
tion, 

reaction rate constant, 
number of gypsum seed crystals per 

volume, 
number of moles per liter of calcium 

sulfate that will precipitate before 
equilibrium is reached, 

activation energy for the reaction, 
universal gas law constant, and 
absolute temperature. 

Note that Ncorresponds to the levels of calcium- 
sulfate supersaturation (times 1 Oq3) in table 4. 

Equation 7 expresses that the level of calcium- 
sulfate supersaturation in the regeneration effluent 
will largely determine quantitatively not only the 
potential amount but the rate of formation of gyp- 
sum in the IX system. The initial rate of formation of 
gypsum from a supersaturated solution with gypsum 
seed crystals present is proportional to the level of 

supersaturation to the 2d power according to equa- 
tion 7. Thus, a doubling of the supersaturation levels 
in table 4. as between experimental cycles, means 
a four-fold increase in the rate of gypsum formation. 
By using equation 7. it seems entirely feasible that 
the regeneration-effluent calcium-sulfate supersatu- 
/ration levels, which can be predicted from actual or 
projected regeneration-effluent compositions using 
the computer program listed in appendix C, could be 
used to predict whether gypsum scale will accumu- 
late in an IX system operated with a given regenerant 
residence time. Note, however, that the concentra- 
tion of initial gypsum crystallites was not measured. 
A relatively low n causes an “induction” period 
where crystallites are formed from the supersatu- 
rated solution. Thus, the results of such predictions 
would need experimental verification. 

The success of the packed bed during-regeneration 
when gypsum is precipitating in the resin bed is a 
new concept established in the present work at La 
Verkin Springs. All previous work described in the 
literature, including even the YDTF experiments, 
concluded - or assumed since a packed bed was 
not tested in any of these studies- that a fluidized 
bed is necessary to expel precipitating gypsum in the 
regenerant from the resin bed. 

Much of the success of a packed bed in the present 
experiments is attributed to the much lower resi- 
dence time of the regenerant solution in a packed 
resin bed, which allows more of the supersaturated 
calcium sulfate to be more quickly removed from the 
bed before gypsum can precipitate. In the present 
pilot plant, where the settled resin bed had a volume 
of 115 L and an assumed void-volume fraction of 
0.3, the packed resin bed had a void volume of (0.3) 
(1 15) = 34.5 liters. But the bed fluidized by 50 per- 
cent had a void volume of (0.3) (1 15) + (0.5)(1 15) 
= 92 liters. The maximum flow rate possible with the 
50-percent fluidized bed was about 24 Vmin, but 
a maximum of 36 L/min was attained with the 
packed bed. Thus, the minimum regenerant resi- 
dence time was 92 L + 24 L/min = 3.8 minutes for 
the fluidized bed, but only 34.5 L + 36 L/min = 
0.96 minute for the packed bed. Therefore, assum- 
ing plug flow, operation with the packed bed allowed 
nearly four times less opportunity for gypsum to pre- 
cipitate in the resin bed. The factor difference is 
probably greater than four because a greater devia- 
tion in plug flow occurs in the fluidized bed. Further- 
more, despite its low void volume, the packed bed 
showed no more propensity than a fluidized bed to 
retain gypsum scale as had been feared by pro- 
ponents of the fluidized bed regeneration. An addi- 
tional benefit from the use of higher regenerant flow 
rates through a packed bed is an increased W which 
lowers the flow capacity of the IX equipment 
required and, thus, the capital cost of a full-size IX 
plant. 
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The accumulation of gypsum scale in the midcol- 
umn regeneration-effluent collector was trouble- 
some during the experiments because it obstructed 
the flow, which required considerably extra 
maintenance. This problem would need to be solved 
prior to the use of reject-brine regeneration in a full- 
sized IX plant at LVS. There are two promising 
methods of solving the problem, neither has been 
tested: 

1. A portion of the exhaustion feed water would 
be passed into the resin bed through the 
regeneration-effluent collector during the rinse 
and exhaustion steps. The feed water would 
redissolve any small amount of gypsum formed in 
the piping during the preceding regeneration. This 
rinsing method should be effective because in all 
IX testing at the YDTF and at LVS gypsum-scale 
accumulation was avoided where the regenerant 
effluent and the feed water passed alternately 
through the same section of piping. Experimental 
verification of this rinsing procedure applied also 
to the midcolumn collector of the packed bed is 
needed. The second special rinse method tested 
(or a variation of it) would also aid somewhat in 
preventing scale accumulation in the resin bed. 

2. Using a weaker, more dilute recycled regener- 
ant prior to the fresh regenerant is effective also. 
The recycled regenerant caused a lower level of 
calcium-sulfate supersaturation and less gypsum 
scaling in the regeneration effluent than did the 
fresh regenerant, which was attributed to the 
lower sodium concentration of the recycled 
regenerant. To meet the previously established 
objective of maximizing specific calcium resin 
capacity, the regenerant that was recycled during 
all the experiments was made to be as high in 
sodium concentration as possible by wasting the 
initial portion of the regeneration effluent. How- 
ever, by collecting the initial regeneration effluent 
containing a portion of solution remaining from 
exhaustion and the initial regeneration effluent 
containing the lowest concentration of sodium, a 
weaker recycled regenerant would have been col- 
lected. In fact, nearly any strength of recycled 
regenerant (naturally, less strong than the fresh 
regenerant) would be possible by collecting and 
recycling selected fractions of the regeneration 
effluent. Thus, the initial level of calcium-sulfate 
supersaturation in the regeneration effluent could 
be lowered to a level to minimize gypsum-scale 
formation during regeneration by adjusting the 
strength (sodium content) of recycled regenerant 
using this approach. Once such methods were 
developed and established by experimentation, 
the procedures would be simple to execute rou- 
tinely and be effective in a full-sized plant. 

SHMP addition. - The question of whether SHMP 
should be used. in the regenerant to avoid all 
gypsum-scale formation in the resin bed, is an eco- 
nomic one. An economic analysis woufd involve a 
balance between operational costs of SHMP pur- 
chase and handling versus amortization of capital 
costs and operating costs of extra equipment includ- 
ing a regenerant recycling system to handle the pre- 
cipitating gypsum. Even if dosages substantially less 
than 100 g/m3 of SHMP would be effective in 
preventing gypsum precipitation, the continual pur- 
chase of SHMP or an alternative precipitation inhibi- 
tor in a very large plant would be a multimillion-dollar 
annual cost - much greater than the cost of 
regenerant recycling. The quantitive effects of gyp- 
sum scale in the resin bed on the principle process 
parameters 9ca and W were insignificant, except 
when the scaling was extremely severe, which occur- 
red only when no recycled regenerant was used at 
the higher regenerant concentration. A relatively 
minor savings in capital cost would occur if the 
regenerant-recycling system was not provided and 
SHMP was used instead, which also would increase 
W by about 5 percent and, thus, decrease the total 
resin requirement by approximately 5 percent. 
Therefore, the use of SHMP should be- and can 
be- avoided with careful intelligent plant design, 
which should result in an overall lower water treat- 
ment cost. The IX-plant cost estimate was not in the 
scope of this present work. 

LABORATORY ION-EXCHANGE 
EXPERIMENTS 

Introduction 

Obtaining IX feasibility data by pilot plant experi- 
ments in the field, as those described in the previous 
section at LVS, is quite expensive. As shown in 
table 2, numerous cycles were required to test at a 
single condition at the LVS site, largely because a 
balance between volumes of fresh regenerant and 
exhaustion (equation 1) required a trial and error 
approach and because a number of cycles were 
required after a control variable change to reach a 
new system equilibrium. Less expensive approaches 
are to use laboratory IXexperiments and mathemati- 
cal modeling of the IX process to predict IX perform- 
ance at the actual site. 

The major purpose of the laboratory IX experiments 
was to obtain IX feasibility data at different operating 
conditions on synthetic LVS water solutions, which 
would supplement data collected at the LVS site. 
The laboratory data was analyzed with regard to 
determining to what extent the laboratory experi- 
ments using synthetic waters could substitute for the 
much more expensive field pilot-plant experiments 
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just described previously. This section contains the 
methodology of the laboratory experiments, the lab- 
oratory data, and comparisons of the laboratory 
results with the LVS field results. 

A second purpose of the laboratory experiments was 
to provide data for developing, fitting, and testing 
mathematical models capable of predicting 
IX-pretreatment process performance as applied to 
LVS. The IX modeling and comparisons to IX data are 
in the following section entitled ION-EXCHANGE 
MODELS. 

A requirement established for the IX laboratory 
experiments was that the experimental procedure 
would be simple and quick enough so that the IX per- 
formance for a set of process variables could be 
determined in 1 day by one or two technicians 
including the chemical analyses, which limited test- 
ing to one IX cycle. Thus, in the laboratory experi- 
ments, only one cycle per condition was usually 
operated, but the exhaustion and regeneration were 
done with sufficiently large volumes of solution to 
approach equilibrium between the solution and the 
entire bed of cation exchange resin. Unlike the field 
experiments, the exhaustion step was operated with- 
out regard for terminating exhaustion at some low 
calcium-breakthrough concentration, and the 
regenerant volume was not limited by equation 1. An 
approximate equilibrium condition between feed 
solution and resin was assumed when the composi- 
tion of the effluent solution was about the same as 
the composition of the influent solution. 

Another difference between the laboratory experi- 
ments and the field experiments was that the 
solutions made to simulate LVS water consisted of 
the chloride salts of calcium, magnesium, and 
sodium (except during the last cycle of the tests 
when sulfate salts were also added). By avoiding sul- 
fate and not introducing the complications of gyp- 
sum precipitation during regeneration, the 
laboratory IX experiments concentrated on studying 
equilibrium effects between the resin and different 
solution compositions, the mass-transfer rates 
between the solutions and resin, and the dynamics 
of ion exchange in a fixed resin bed. Laboratory 
experiments, however, provided little additional 
information on the impacts of gypsum precipita- 
tion in the resin bed during regeneration. 

Equipment and Procedures 

The flow diagram of the laboratory IX equipment is 
shown on figure 5. The IX column consists of heat- 
resistant glass with TeflonTM and polypropylene end 
fittings is about 2 meters high and 25 millimeters 
inside diameter and is surrounded by a glass water 
jacket. The column contained 500 milliliters of 

DOWEX@ HCR-W2, the same cation-exchange resin 
tested at LVS. The exhaustion and regeneration 
pumps are positive displacement roller tubing pumps 
having variable speed controls. Temperatures were 
maintained at set levels by a temperature-controlled 
water bath. As shown on figure 4, the influent 
exhaustion and regeneration solutions passed 
through stainless steel coils (made from discarded 
gas-chromatographic columns) to approach the tem- 
perature of the water bath. Recirculated water from 
the bath was pumped through the water jacket to 
control the resin bed temperature at close to water- 
bath temperature. Flow rates were monitored by 
rotameters and regularly confirmed by bucket-and- 
stopwatch measurements. Temperature measure- 
ments were by glass thermometers. The tanks were 
polyvinyl chloride. The exhaustion feed tank had a 
208-L capacity and an agitator to mix the solutions. 
Each regeneration tank was 57-L capacity. 

Data collection for the laboratory IX experiments 
was similar to that of the field experiments. Data 
sheets are in appendix E. 

Depending upon the water compositions being run, 
regenerations required about 15 bed volumes 
(500 mL each in the present experiments) and the 
exhaustions approximately 100 bed volumes before 
the influent and effluent compositions were approxi- 
mately equal. Deionized water was passed through 
the column between each regeneration and exhaus- 
tion step to rinse residual solution from the bed prior 
to the next step of the cycle. Calcium and total hard- 
ness were determined by EDTA (Ethylenediamine- 
tetraacetic acid) titration [24]. Magnesium 
concentration was calculated as the difference 
between the total hardness and calcium concentra- 
tions. Sodium was measured by flame emission pho- 
tometry. As in the field experiments, the calcium and 
magnesium specific resin capacities were calculated 
using equation 2 in which the integration was 
performed numerically using the trapezoidal method. 

Experimental Design 

The dependent variables were the effluent concen- 
trations of calcium, magnesium, and sodium versus 
effluent volume of exhaustion and regeneration. The 
specifiic resin capacity for calcium 9ca and the same 
for magnesium 9Me were determined from the 
effluent curves. The independent control variables - 
all operated at two levels each - included the 
following: 

I. Exhaustion feed-water cationic composition: 

A. Aerated, lime-softened LVS water (F-l) 
calcium: 22 meq/L 

magnesium: 11 meq/L 
sodium: 100 meq/L 

18 



B. Aerated LVS water (F-2) 
calcium: 42 meq/L 

magnesium: 11 meq/L 
sodium: 100 meq/L 

II. Regenerant cationic composition: 

A. LVS desalting reject brine at 80-percent 
recovery (R- 1) 

calcium: 18.5 meq/L 
magnesium: 23 meq/L 

sodium: 574 meq/L 

B. LVS desalting reject brine at 90-percent 
recovery (R-2) 

calcium: 20 meq/L 
magnesium: 40 meq/L 

sodium: 1370 meq/L 

III. Feed and regeneration water temperature: 

A. 15OC 
B. 35°C 

I 

Feed-water 
tank 

Deionized 
water rinse 

IV. Exhaustion flow rate: 

A. 
B. 

5 mL/s (0.60 bed volumes per minute) 
11 mL/s (1.3 bed volumes per minute) 

V. Regeneration flow rate: 

A. 1 mL/s (0.12 bed volumes per minute) 
B. 3 ml/s (0.36 bed volumes per minute) 

The preceding control variables and their levels were 
selected for the following reasons: 

1. The lime-softened feed water (F-l) a.pproxi- 
mated the water fed to the IX pilot plant operated 
at LVS. The composition of the aerated water (F-2) 
represented what would be expected if lime 
treatment were omitted prior to IX at LVS, which 
was not pilot tested at the LVS site. Pretreatment 
at LVS would probably be less expensive if lime 
treatment were not needed prior to IX, and it is not 
apparent why lime treatment would be needed 
other than perhaps for silica removal. 

Regenerant tanks 
Drain*---1 I 

? .,(JJp 
F- 

Regeneration 

erature-controlled water bath 

SYMBOLS 

Dowex HCR-W2 

W Valve 

Figure 5. - Flow schematic of laboratory IX equipment. 
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2. The two regenerant compositions (R-l and 
R-2) approximated the concentrations in the ED 
reject at the two ED desalting recoveries operated 
in the LVS field experiments. Thus, they represent 
fresh regenerant compositions only. 

3. The two water temperatures represented 
ambient extremes normally expected at LVS. It 
was desired to find whether temperature would 
affect IX performance aside from its effect on 
rates of gypsum scale formation during regenera- 
tion as observed in the field experiments. 

4. Exhaustion flow rate was varied to determine 
its effect on IX performance and to aid in model- 
ing. Exhaustion flow rates in the laboratory 
experiments were considerably higher than the 
0.26 bed volume per minute used in the field 
experiments. Unfortunately, there was no overlap 
in the ranges of exhaustion flow rates between the 
laboratory and field tests, which occurred 
because of a simple mistake in computing the lab- 
oratory flow rates to be used prior to conducting 
the laboratory experiments. 

5. The effect on IX performance of varying 
regeneration flow rate was of interest. The field 
IX experiments used fresh regenerant flow rates 
of about 0.2 to 0.3 bed volume per minute which 
overlaps the range used in the laboratory 
experiments. 

In developing the experimental design, different 
combinations of these control variables were 
selected randomly for each regeneration and 
independently for each exhaustion, except that 
exhaustion temperature was matched to regenera- 
tion temperature to avoid changing the temperature 
during a cycle so that the cycle could be completed 
in a single day. The completed experimental design, 
including the measured control-variable levels and 
their sequence, is in table 5. This type of design was 
used because it is economical (more information per 
experiment is possible) and it minimizes certain types 
of experimental bias; for example, if an uncontrolled 
variable affecting the response variable varied with 
the time of the experiment [22]. The experimental 
design allowed statistical and regression analysis of 
the IX response variables as a function of the five 
control variables. An additional run was added to the 
end of the design which included sulfates in the 
water composition to better simulate real conditions 
where calcium-sulfate supersaturation and gypsum 
scaling would occur. 

Results and Discussion 

For the exhaustion step of cycle 1 .01.06. the efflu- 
ent cationic concentrations of calcium, magnesium, 

and sodium versus bed volumes of resin-bed effluent 
solution are shown on figure 6. The behavior of 
effluent-concentration curves (fig. 6 as example) can 
be described as follows: 

1. There are initial small leakages of calcium 
(about 0.2 meq/L) and magnesium (about 0.7 
meq/L) at the beginning of exhaustion. This leak- 
age occurs largely because the resin was regen- 
erated with a mixture containing calcium and 
magnesium in addition to sodium, for if the 
regenerant contained only sodium cation the 
initial calcium and magnesium leakage would be 
negligible. Another reason for this leakage is hy- 
drodynamics in the resin bed whereby some of the 
solution avoids intimate contact with the resin 
bed. 

2. As exhaustion procedes, wherein the divalent 
cations exhaust the resin bed, the sodium concen- 
tration in the effluent increases and reaches a 

Table 5. - Measured laboratory control-variable levels 

Cycle 
number 

Steps Compositions*, meq/L 
Ca Mg Na 

Flow Tsmp. 
mL/s C 

l.Ol.OlA 

1 .Ol .Ol B 

Exhaustion 21.8 11.8 89.6 11.5 17.0 

1420 3.1 14.7 
108.5 11.8 14.9 

1400 0.98 34.0 
93.3 11.1 34.0 

1340 1.02 35.0 
101.3 11.2 34.0 

1362 0.97 16.1 
102 5.2 16.0 

577 3.0 35.3 
102 5.1 34.7 

584 0.99 35.0 
92.8 5.2 34.9 

1428 3.0 33.2 
102 11 .o 33.2 

486 0.99 16.0 
80 11.0 17.0 

643 3.02 15.0 
93.5 4.95 14.5 

1800 1.03 22.0 

95 4.98 34.7 
587 2.97 15.0 

Regeneration 31.0 36.0 
Exhaustion 24.3 22.7 

1 .01.02x Regeneration 36.7 26.2 
Exhaustion 22.7 0.5 

1 .01.028 Regeneration 23.3 44.7 
Exhaustion 42.0 9.3 

1 .01.03 Regeneration 24.0 44.0 
Exhaustion 26.8 7.6 

1 .01.04 Regeneration 22.2 23.1 
Exhaustion 23.2 13.0 

1 .01.05 Regeneration 22.2 22.6 
Exhaustion 40.1 10.7 

1 .01.06 Regeneration 24.0 36.0 
Exhaustion 23.4 12.2 

1 .01.07 Regeneration 22.4 21.7 
Exhaustion 41.6 11.6 

1 .01.08 Regeneration 18.0 22.8 
Exhaustion 40.2 11.2 

Regeneration 2.8 2.0 

Exhaustion 22.4 11.2 
Regeneration 22.4 25.4 

1.01.088 

1.02.01 

l The anion in all of the solutions was chloride except in cycle 
1.02.01 when the exhaustion feed water contained 2000 mg/L of 
sulfate and the regenerant contained 9000 mg/L of sulfate with the 
balance chloride. Because of problems in making thecorrect regenera- 
tion and exhaustion solution concentrations in cycle 1.01.02X. this 
cycle was rerun correctly as 1 .Ol .OB. Nevertheless, response data for 
cycle 1 .01.02X are valid for the concentrations used. 
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peak corresponding to when the maximum 
amounts of divalent ions are being absorbed. 

3. The sodium-concentration peak is followed by 
the peak effluent concentrations of magnesium 
and then of calcium (the most strongly absorbed 
cation of the three) as the resin is exhausted of 
sodium. 

4. The total exhaustion of the resin is essentially 
complete for a given feed-solution composition 
when the effluent composition matches the influ- 
ent composition. 

In the laboratory IX cycles, the exhaustion step was 
terminated when the calcium and magnesium con- 
centrations measured in the effluent equaled their 
respective concentrations in the feed within the ana- 
lytical precision of the titrimetric methods for cal- 
cium and total hardness of approximately 1 meq/L. 
During cycle 1 .01.06. this occurred after 127 bed 
volumes of feed solution had passed through the 
resin bed as shown on figure 6. Corresponding spe- 
cific resin capacities were calculated to be Q~-= 
1.3 1 eq/L and %s = 0.36 eq/L. Because these spe- 

cific resin capacities were measured for conditions 
of approximate equilibrium between solution and 
resin, they should be only a function of the ionic equi- 
librium relations between the solution and cation- 
exchange resin and not the flow rates and 
temperatures, which affect the shapes of the break- 
through curves. 

Operating an IX column until approximate equilib- 
rium between the exhausting solution and IX resin 
differs from usual operation as discussed previously. 
In more typical IX operation, the exhaustion is termi- 
nated usually when a given breakthrough concentra- 
tion in the effluent - as determined by product- 
water-quality requirements - is reached. Under 
these breakthrough restraints the specific resin 
capacities are a function of how fast the break- 
through occurs, which is a function of the flow rates 
and temperatures, for example, in addition to the 
equilibrium capacities as discussed in the previous 
paragraph. The calcium-breakthrough concentra- 
tions allowed before terminating exhaustion in the 
field experiments were 6 meq/L when operating the 
desalting equipment at 80 percent recovery and 12 
meq/L when operating at 92 percent recovery. 

L/-Sodium +7 lnfluent 
Sodium 

Inf luent 

s- 
Calcium 

Inf luent Magnesium 
-IL 

I I 1 

0 IO 20 30 40 50 60 70 80 90 100 II0 120 130 

v (BED vo~uh~s) 

Figure 6. - Cationic effluent concentrations during exhaustion of cycle 1 .01.06. 
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The effect of terminating the exhaustion prior to 
equilibrium can be demonstrated with the laboratory 
data. For example, in cycle 1.06.0 1 - by interpolat- 
ing the data in figure 6 - a 6-meq/L of calcium 
breakthrough corresponded approximately to the 
passage of 41 bed volumes of effluent, 9c8 = 0.90 
eq/L, and G 
centration 0 B 

= 0.40 eq/L. At a breakthrough con- 
12 meq/L of calcium, interpolation 

yielded 53 bed volumes of exhaustion effluent 9ca 
= 1.07 eq/L and mg = 0.4 1 eq/L. These lower 9ca 
and higher 9,,,, using a calcium breakthrough con- 
centration rela a tve to the equilibrium 9ca are totally 
expected. The reason for a lower 9ca and a higher 
9&, iwhen exhaustion is terminated before equilib- 
rium IS reached) is that, as shown on figure 6, calcium 
breaks through last as it displaces magnesium from 
the resin, and thus, the net amounts of calcium 
absorbed by the resin is greater and of magnesium 
is less as final cationic equilibrium between resin and 
exhausting solution is approached. 

Typical plots of calcium, magnesium, and sodium 
concentration versus resin-bed-effluent volume are 
given on figure 7 for the regeneration step of cycle 
1 .O 1.06. Upon analyzing the data, it was concluded 
that the regeneration effluent concentrations on fig- 
ure 7 and for the other laboratory IX cycles were not 
measured frequently enough to accurately define 
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the curves near the beginning of regeneration, where 
the calcium and magnesium concentrations quickly 
reach their peak and are changing at their greatest 
rates. Consequently, the measured area under the 
curves do not accurately represent the amounts of 
ions eluted during regeneration. 

This rapid appearance of the effluent concentration 
maxima of calcium and magnesium during regenera- 
tion are understood more easily from the estimate 
that only 1.7 bed volumes of regenerant solution 
contained the necessary equivalents of sodium to 
match the total capacity of the resin bed during cycle 
1 .O 1.06. Put another way, only 1.4 bed volumes of 
regenerant would have been required to remove the 
calcium and magnesium from the resin bed, based 
on their resin capacities measured in the experi- 
ments, if all of the sodium entering in the regenerant 
had been exchanged for the calcium and magnesium 
removed from the resin during regeneration. Yet, the 
second effluent sample was collected after 2.5 bed 
volumes of effluent; and in the third sample at 6.8 
bed volumes the calcium concentration already was 
approaching the influent concentration. With suffi- 
cient data it would have been possible to measure 
precisely the balance between the amount of each 
cation removed by the resin during the exhaustion 
with the amount eluted during regeneration, but this 

Inf luent 
Sodium 

0 2 4 
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Magnesium 
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Figure 7. - Cationic effluent concentrations during regeneration of cycle 1 .01.06. 
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was not possible with the data shown on figure 7 nor 
with the data from the regeneration steps of the 
other experimental IX cycles. 

Because these mistakes in selecting the 
regeneration-effluent-sampling times were not rec- 
ognized until the experimentation on nearly all IX 
cycles was completed, it was not possible to redo 
any of the cycles within the time and money 
constraints. Fortunately, exhaustion-effluent- 
concentration histories -as presented earlier in this 
section -are more important in defining IX perform- 
ance because they define the resin capacities that 
are the regeneration-effluent concentrations. 

A summary of resin-capacity data for each 
experimental IX cycle is given in table 6. Cycles 
1 .01.02X and 1.02.01 were added to the original 
experimental design. For cycle 1 .O 1 .O 1 A. there are 
data available only for the exhaustion step. For 
1 .01.088, there was not a complete cycle but only 
a regeneration in preparation for the succeeding 
exhaustion in cycle 1.02.01. The original design 
refers to the eight remaining cycles referred to in 
tables 5 and 6. Complete sets of experimental data 
for each laboratory IX cycle are contained in 
appendix F. 

Multiple linear regression analysis. - The 
analysis [25] was performed on the dependent varia- 
bles shown in table 6 and the independent variables 
in table 5. The “F” test and 95 percent confidence 
limits were used to gage statistical significance of 
the regressions. The data from all 10 cycles were 
analyzed by stepwise regression with the specific 
resin capacity 9Ca at equilibrium as the dependent 
variable. A significant fit was found with the inde- 
pendent variables Cr,,,, for the regenerant and Cc, 
for the exhaustion feed according to: 

9Ca = 0.000 515 cYN,+0.0131 C&+0.344 (8) 

The regression analysis showed that flow rate and 
temperature had no significant effect on 9ce, which 
would be expected because flow rate and tempera- 
ture should affect only the shape of the exhaustion- 
effluent concentration curves. 

It is not surprising that increasing the sodium 
concentration in the regenerant increases 9ca, as 
indicated by the first term in the right side of equa- 
tion 8. It also would be expected that the calcium 
concentration of the feed would increase 9Ca, as 
shown by the second term of the right side, provided 
that there was not a simultaneous increase in the 
sodium concentration of the feed ‘water. More illumi- 
nating and ultimately more useful expressions for 

9ca, as a function of water composition than equa- 
tion 8. are given in the following section on IX 
modeling. 

Regression analysis on 9ca (table 6) where an 
exhaustion-breakthrough concentration of 6 meq/L 
of calcium would be used yielded a significant rela- 
tion with 9Ca at equilibrium only, a rather interesting 
finding since it was expected that exhaustion-flow 
rate would be important. The effect of flow rate is 
discussed further in the section on modeling. 

Using the data in table 6, the ratio of 9Ca at a 6- or 
12-meq/L of calcium breakthrough concentration to 
the equilibrium 9c‘ce reflects the fraction of the total 

Table 6. - Specific resin capacities from 
laboratory experiments 

Cycle 
number 

Exhaustion 
breakthrough 

criteria 

Exhaustion Specific 
throughput resin capacities, 

bed volumes* W/L 
Calcium Magnesium 

1.01 .OlA 6 meq/L calcium 56 1.14 0.37 
12 meq/L calcium 69 1.31 0.35 
Equilibrium 262 1.38 0.14 

1 .Ol .OlB 6 meq/L calcium 37 0.83 0.70 
12 meq/L calcium 49 1.01 0.83 
Equilibrium 116 1.26 1.56 

1 .01.02X 6 meq/L calcium 54 1.14 -0.21 
12 meq/L calcium 62 1.26 -0.32 
Equilibrium 92 1.43 -0.71 

1.01.026 6 meq/L calcium 29 1.18 0.22 
12 meq/L calcium 32 1.29 0.23 
E’quilibirum 67 1.62 0.16 

1.01.03 6 meq/L calcium 42 1.00 0.25 
12 meq/L calcium 54 1.20 0.26 
Equilibrium 100 1.51 0.05 

I.0164 6 meq/L calcium 37 0.78 0.33 
12 meq/L calcium 44 0.87 0.31 
Equilibrium 86 0.99 0.29 

1.01.05 6 meq/L calcium 20 0.71 0.16 
12 meq/L calcium 25 0.87 0.20 
Equilibrium 79 1.14 0.10 

I.0166 6 meq/L calcium 41 0.90 0.40 
12 meq/L calcium 53 1.07 0.41 
Equilibrium 127 1.31 0.36 

1.01.07 6 meq/L calcium 15 0.56 0.12 
12 meq/L calcium 19 0.70 0.14 
Equilibrium 92 1.04 0.23 

1.01.08 6 meq/L calcium 23 0.84 0.21 
12 meq/L calcium 26 0.96 0.22 
Equilibrium 76 1.29 0.18 

1.02.01 6 meq/L calcium 63 1.38 0.52 
12 meq/L calcium 71 1.47 0.47 
Equilibrium 103 1.56 0.41 

l Resin bed volume was 0.5L. 
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calcium resin capacity that was realized under a set 
of operating conditions. Using a &meq/L calcium- 
breakthrough concentration, this ratio had a mean of 
0.667 with a standard deviation of 0.073 for the 
eight cycles of the basic design. With a 12-meq/L 
calcium-breakthrough concentration, the ratio had a 
mean of 0.784 and a standard deviation of 0.060. 
These two values of the ratio and the relatively small 
standard deviation agree with a rule of thumb that 
70 percent of the total resin capacity is often real- 
ized in a practical ion-exchange process. 

Comparisons between laboratory and L VS-field IX 
data. - Comparisons support the value of the labora- 
tory experiments in obtaining resin capacities in lieu 
of field experiments. The most relevent comparisons 
are for specific resin capacities 9ca in tables 3 and 
6. With reject-brine regenerant at 80 percent desalt- 
ing recovery, the calcium specific resin capacity 
reached a maximum of 0.86 eq/L (cycle L.04.1 1 
table 3) using the most favorable recommended op- 
erating procedures. For the only cycle with compara- 
ble feed water and regenerant compositions in the 
laboratory experiments, cycle 1 .01.04 9ca was 0.87 
(table 6) having a breakthrough concentration of 12 
meq/L of calcium comparable to that used in cycle 
L.04.1 1 at LVS. With reject-brine regenerant from 
92 percent recovery desalting, the resin capacity 
averaged 1.03 eq/L at LVS for the last 1 1 cycles 
listed in table 3. Comparable laboratory IX cycles 
(listed in table 6) having similar water compositions 
include cycles l.Ol.OlB. 1.01.03, and 1.01.06 
which had 9ca ‘s of 0.83, 1.00, and 0.90 eq/L, 
respectively, for a breakthrough concentration of 6 
meq/L of calcium - the same as that used at the 
higher desalting recovery at LVS. Note that cycle 
1 .01.03, which had the closest 9ca of the three 
cycles to the average field 9ca, also was the only 
cycle of the three which used the lower level 
exhaustion flow rate which was closer to the 
exhaustion flow rate used in the field. Thus, the labo- 
ratory experiments successfully obtained specific 
resin capacities for calcium at comparable calcium- 
breakthrough concentrations in the effluent that 
agree with those obtained at the LVS site. The agree- 
ment is particularly interesting because no gypsum 
formed during regeneration with sulfate-free solu- 
tions in the laboratory experiments but considerable 
gypsum formed during the regenerations at the LVS 
site. 

Lime treatmentprior to/X -The lime treatment prior 
to IX is not needed at LVS for pretreatment removal 
of calcium according to the laboratory IX results. It 
is interesting to note that when aerated, raw LVS 
water was simulated as the IX feed water (table 6) 
the values of 9Ca were comparable to the values 
when aerated, lime-treated feed water was 
simulated. 

The amount of cation-exchange resin required in an 
IX plant to pretreat the LVS flow of 19.6 m3/min was 
estimated for aerated, lime-treated LVS water and 
for aerated only (carbon-dioxide gas removed) LVS 
water. Equations 3 and 4 were used with IX-step 
durations from cycle L.22.15 of the LVS field experi- 
ments. A specific calcium resin capacity of 1 .O eq/L 
was assumed in arriving at the following calculated 
results: 

Lime No lime 
treatment treatment 

Feed-water calcium 
concentration, meq/L 22 42 

Effluent calcium 
concentration, meq/L 6 6 

Calcium concentration 
removed, meq/L 16 36 

Exhausion duration, min 178 79 
Fresh regeneration 
duration, min 14 6 

Cycle duration, min 250 143 
Volume of resin 

required, m3 78 101 

Thus, about 29 percent more cation-exchange resin 
would be required at LVS if lime-treatment were 
omitted prior to IX which would no doubt be less 
expensive than the additional lime-treatment system. 

Besides partial softening, lime treatment and filtra- 
tion also provide clarification of suspended material 
and removal of silica if high lime dosages are added 
to raise the pH above 10. Suspended material was 
not present in the LVS well water. 

Because silica was at a concentration of about 30 
mg/L in the aerated well water [2] and it can precip- 
itate at concentrations above 1 15 mg/L if in amor- 
phous form [26], a silica-concentration factor of less 
than 3.8 would be safe corresponding to a desalting 
recovery of about 74 percent if silica were fully 
rejected by the desalting process. Because silica is 
not effectively concentrated by electrodialysis at 
neutral pH [7], the recovery of an electrodialysis at 
LVS would not be limited by a silica concentration 
in the feed water of 30 mg/L: if the IX pretreatment 
is for reverse osmosis of cooling tower use, the con- 
centration factor of the dissolved solids without any 
potential for silica scaling is only about four. How- 
ever, this concentration factor could be higher than 
four depending upon the species of silica [26] and 
their proportions present in the LVS water; therefore, 
only future experimental work can determine the 
precise concentration limit at the onset of silica scal- 
ing at LVS and whether silica removal is absolutely 
necessary. 
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ION-EXCHANGE MODELS 

Introduction 

Models to predict cation-exchange resin capacity 
and the resin-bed breakthrough profile of calcium 
during exhaustion were studied in the present work. 
Numerous models of the ion-exchange process have 
been developed by others [27, 28, 29, 301. There 
is no single model capable of generally describing all 
IX processes in terms of equilibrium and kinetics. For 
each ionic solution-resin system, it is necessary to 
select a correct model from among the different 
models possible based upon which of the assump- 
tions incorporated in the models are valid in the par- 
ticular situation. Two types of models include those 
which predict ionic equilibrium between the IX resin 
and solution and those which describe the rate of 
achieving exhaustion or regeneration of the resin 
under a set of operating conditions. 

1. An equilibrium model was used to predict the 
net amount of calcium, magnesium, and sodium 
that can be exchanged at equilibrium between 
DOWEX@ HCR cation-exchange resin and ionic 
solutions of different LVS exhaustion and regen- 
eration compositions. 

2. The equilibrium model was also extended to 
predict the leakage concentrations of calcium and 
magnesium at the beginning of the exhaustion 
step of an IX cycle. 

3. A model which takes into account the mass- 
transfer resistance of the stagnant liquid film 
between the bulk solution and the resin-bead sur- 
face was fit to laboratory IX data to try to predict 
the shape of the exhaustion calcium-breakthrough 
curve. 

Comparisons between results of the three models 
and data from the LVS field and laboratory experi- 
ments (described in the previous two sections) are 
given in separate results sections, which follow each 
of the descriptions of the three models. 

Also, it would be desirable to have a model for the 
regeneration step. Future study is recommended to 
develop a model to describe regeneration when the 
regenerant brine is a mixture and the regenerant vol- 
ume is limited. Suggestions on developing a regener- 
ation model are included at the end of this section. 

Cation-Exchange Equilibrium 

Equilibrium between ions in an aqueous solution and 
ions absorbed in an ion-exchange resin can be 
expressed by a form of the law ofmass action. In the 
following equations, it is assumed that activity coeffi- 
cients of the ions in the solution and resin are equal 

to 1 .O. Estimates of the activity coefficients in the 
solution are possible from data in the literature. But 
activity coefficients in the resin phase cannot be 
measured directly, and limited data are available in 
the literature. In all the equations in this section, it 
is assumed that potassium behaves similar to and is 
combined with sodium in the calculations whereby 
the equivalents per liter of sodium include the equiv- 
alents per liter of sodium plus potassium. 

For the ternary ionic system calcium-magnesium- 
sodium the catonic equilibrium between resin and 
solution can be expressed according to the law of 
massaction[27.31] for mono-divalent exchange by 
the following three equations: 

k Q a/Na 

co 
(9) 

KMg/Na Q 

co 
(10) 

y,, + yMg + y,, = 1 (1 1) 
where: 

ka = equivalent fraction of resin in the 
calcium form, 

yMCl = equivalent fraction of resin in the 
magnesium form, 

%a = equivalent fraction of resin in the 
sodium form, 

X,a = equivalent fraction of calcium in the 
solution, 

xMS = equivalent fraction of magnesium in 
the solution, 

%a = equivalent fraction of sodium in the 
solution, 

K;: a/Mg = selectivity coefficient of calcium rel- 
ative to sodium, 

KMg/Na = selectivity coefficient of magnesium 
relative to sodium, 

Q = total cation-exchange capacity of 
the resin in equivalents per liter of 
resin and, 

c, = total normality of the solution. 

A mass-action equation for the cation exchange of 
calcium and magnesium can be written also but is 
not independent of equations 9. 10, and 1 1: 

ka xMg 

xCa ‘Mg 
= %a/Mg (12) 

Equation 12 can be derived by dividing equation 9 
by equation 10 where the selectivity coefficient for 
calcium relative to magnesium is given by: 

K;: 
KCa/Na 

a/Mg = - 
KMg/Na 

(13) 
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Note that C, and 0 do not affect the calcium- 
magnesium-resin equilibrium according to equation 
12, which occurs, according to the law of mass 
action and confirmed by experimental data, because 
the ions of calcium and magnesium have the same 
valence. 

To solve equations 9, 10, and 1 1 simultaneously, a 
combination of the three equations yields: 

v,a = 
(1 + 2A)“2 - 1 

A 
(14) 

where: 

2 * A = co &Nap (ka/Na &a + ka/Mg *Mg) (l 5, 

Calculation of the ionic form of the resin proceeds 
in the following sequence: 

1. xc,, &e, and +,, are calculated from the 
solution cationic composition. 

2. YN, is calculated from equations 14 and 15. 

3. Yc, is calculated using equation 9. 
rearranged. 

4. YM9 is calculated from equation 1 1. 

The concentration in the resin (same as the specific 
resin capacity) of each cation i is calculated from: 

qi= 50 (16) 

The net equilibrium resin capacity of a cycle - that 
is, regenerating the resin to equilibrium with one 
solution composition and exhausting to equilibrium 
with another solution - is calculated by taking the 
difference between the qi’s of the regeneration and 
exhaustion calculated using equation 16. In the 
present work the properties used for DOWEX@ 
HCR-W 2 were: 

Q = 2.O=ei/’ (rn;manufacturer’s data in app. A), 
pNa .’ 

Mg/Na = 1.2 (see reference [al]) 

These K values from the literature were from experi- 
ments with DOWEX@ 50-X8, which according to the 
manufacturer has the same chemical composition 
and is otherwise essentially the same as the newer 
model designation HCRW2. Experiments to evalu- 
ate the accuracy of the law of mass action for the 
calcium-magnesium-sodium-DOWEX@ HCRW2 
system and the experimental values for the equilib- 
rium constants for this system are being completed 
at the E&R laboratory in an additional phase of the 

present study. Results of this additional work will be 
in a separate report. 

Note that equations 9 and 10 predict strong prefer- 
ence for divalent calcium and magnesium absorption 
over monovalent sodium at low solution concentra- 
tions C,; but at high solution concentrations, sodium 
is preferred by the resin over the divalent cations. It 
is this fact that makes water softening by cation 
exchange so successful, even when a reject brine 
containing a mixture of cations, including some of 
the same divalent cations to be eluted from the 
cation-exchange resin, is used to regenerate the 
resin. 

Results - Specific resin capacities predicted by the 
equilibrium model for each of the laboratory cycles 
is in the fourth column of table 7. Complete com- 
puter printouts from the calculations are in appendix 
G. These predicted resin capacities were calculated 
from the equations and the HCR resin data earlier in 
this section plus the water compositions in table 5. 
For easy comparison, the third column of table 7 

Table 7. - Comparison among measured and predicted 
equilibrium resin capacities for the laboratory experiments 

Specific resin capacities, eq/L 
Experi- Equi- Experi- Experi- 

Cycle Cat- mental librium mental mental 
number ion trapezoidal model liquid-film half-height 

integration predict. model integration 

1 .Ol .Ol A Ca 1.38 1.36 
Mg 0.14 

1 .Ol .Ol B Ca 

Mg 

1 .01.02X Ca 

Mg 

1.01.02B Ca 

Mg 

1.01.03 Ca 

Mg 

1.01.04 Ca 
Mg 

1.01.05 Ca 

Mg 

1.01.06 Ca 

Mg 

1.01.07 Ca 
Mg 

1.01.08 Ca 
Mg 

1.02.01 Ca 

Mg 

1.26 0.99 1.12 
1.56 0.36 

1.43 1.37 1.34 
-0.71 -0.04 

1.62 1.39 1.56 
0.16 0.04 

1.51 1.29 1.45 
0.05 0.07 

0.99 0.87 0.96 
0.29 0.12 

1.14 1.11 1.06 
0.10 -0.002 

1.31 1.18 1.10 
0.36 0.20 

1.04 1.05 0.96 
0.23 -8.02 

1.29 1.19 1.15 
0.18 0.01 

1.56 1.31 1.46 
0.41 0.26 

1.44 

1.23 

1.41 

1.76 

1.55 

1.03 

1.15 

1.16 

1.06 

1.27 

1.50 
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repeats the experimental equilibrium resin capacities 
given in table 6. The last two columns of table 7 are 
discussed after the liquid-film model later in this 
section. 

Comparing the 1 1 pairs of corresponding specific 
resin capacities (from columns three and four in 
table 7) indicated that the average percent differ- 
ence between the equilibrium-model predictions and 
the experimental data for the calcium specific resin 
capacity was 10 percent (relative to the experimen- 
tal value) with a standard deviation of 7 percent. For 
magnesium, the mean percent difference between 
experimental and predicted specific resin capacities 
was minus 77 percent having a standard deviation 
of 24 percent. Thus, the equilibrium model did a 
better job of predicting the calcium resin capacity, 
which is of greater practical interest, than the magne- 
sium resin capacity. 

The resin capacities calculated using the equilibrium 
model are not entirely comparable to the calcium 
resin capacities measured at the LVS site (which are 
listed in table 3) because the exhaustion of the 
cation-exchange resin in the field experiments was 
always terminated at a calcium-breakthrough con- 
centration disallowing complete equilibrium 
between feed solution and resin. With 80 percent 
recovery desalting reject as the regenerant, compari- 
sons between specific resin capacities predicted 
using the equilibrium model and values obtained 
experimentally - listed in table 3, for calcium and in 
appendix 6. for magnesium - are as follows: 

Cation 
Specific resin capacities, .qlL 

Model Experimental 
Mean S.D. Mean S.D. 

Calcium 0.92 0.02 0.72 0.12 
Magnesium 0.09 0.02 0.20 0.02 

With 92percen t desalting rejec t regeneran t the comparable values are: 

Cation 
Model Experimental 

Mean S.D. Mean S.D. 

Calcium 1.18 0.04 1.03 
Magnesium 0.13 0.08 0.28 

S.D. is an abbreviation for standard deviation. 

0.05 
0.06 

With 92 percent desalting reject regenerant the 
comparable values are: 

It would be expected that the calcium resin capac- 
ities in the field experiments would be lower than 
predicted at equilibrium. Conversely, it would be 
expected that the predicted magnesium capacities 
would be greater than experimental values because 
calcium in solution exchanges with magnesium in the 
resin during the final approach to equilibrium 
between resin and solution. Thus, the above data 
show that the model and experimental values vary 
from one another as expected. 

In summary, the equilibrium model, based on the law 
of mass action and assuming activity coefficients of 
1 .O, predicted resin capacities for calcium and mag- 
nesium that were lower than experimental results for 
LVS water compositions done in the laboratory and 
field. Further work is needed to improve the accu- 
racy of the equilibrium model including different res- 
ins and especially a range of water compositions. 
Experimental work in the Bureau’s E&R laboratory is 
accomplishing this. 

Initial Resin-Bed Leakage 

The initial leakage concentrations from a cation 
exchange bed have been estimated using the equilib- 
rium model for the case of countercurrent 
regeneration-exhaustion. At the beginning of a 
downflow exhaustion following an upflow regenera- 
tion, the bottom of the resin bed will be in ionic equi- 
librium with the regeneration solution - even if the 
regeneration is not to complete equilibrium 
throughout the bed. If the regeneration solution 
consists only of sodium cations the initial leakage will 
consist essentially of sodium cations only - assum- 
ing that hydrodynamic effects are a relatively small 
contribution to leakage. In the present case of regen- 
eration with a brine containing a mixture of cations, 
the regenerated resin will contain a proportion of 
that mixture. Thus, the initial composition of the 
exhaustion effluent solution will also contain a 
mixture of the cations in proportions determined by 
the composition of the regenerant, the total normal- 
ity of the exhausting solution, and the cationic equi- 
librium between solution and resin. Moreover, 
following an effective rinse in which the residual 
regeneration solution is flushed from the bed, the 
initial leakage concentration of the exhaustion efflu- 
ent solution will have the same C, as the exhaustion 
influent but an ionic composition which is in equilib- 
rium with the resin in the bottom of the regenerated 
bed. 

These relations are demonstrated in the following 
equations. By solving equations 9 and 10 simultane- 
ously in terms of Xi, the result is: 

+.I, = 
(1 + 241’2 - 1 

B 
(17) 

where: 

B= 2 Co ( ~a&e/Na + YMg/KMg/Na) (18) 
Q ( YN# 

Also, 
&a + xMg + x,, = 1 

and for each cation (i = Ca, Mg, or ~a ) 

(19) 

Cj= Xi Co (20) 
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The calculation of the initial concentrations in the 
exhaustion effluent procede in the following order: 

1. Vi's for the resin in equilibrium with the 
regenerant solution are calculated as given above 
using equations 9 through 15 and the steps 
outlined in the previous section. 

2. X,, is calculated from equations 17 and 18. 

3. Xc, is calculated from equation 9 rearranged. 

4. XMs is calculated from equation 19. 

5. The initial leakage concentrations, Cc,, Crvtc, 
and CN, are calculated from equation 20. 

It is interesting to note that when the bottom of the 
resin bed has been brought to equilibrium with a 
regeneration solution, which determines the values 
of the 5’s of the resin in the bottom of the bed, the 
initial composition of the effluent of the exhaustion 
step is calculated only from the total normality C, 
of the exhausting solution, and is not a function of 
the relative amounts of different cations in the 
exhausting feed water. 

Results. - Initial exhaustion composition was pre- 
dicted using the preceding equations and compared 
to experimental values from the laboratory and LVS 
field experiments. Table 8 compares the laboratory 
experiments. A complete set of computer printouts 
of the equilibrium model calculations are in appendix 
G. The compositions used in the equilibrium model 
calculations are the ones listed in table 5. For cal- 
cium, the initial exhaustion leakage concentrations 
predicted by the model were 30 percent lower than 
the experimental result (a mean of the 10 cycles 
listed in table 8) and a standard deviation of 25 per- 
cent. For magnesium, the predicted leakage concen- 
tration averaged 49 percent lower than experimental 

Table 8. - Measured and predicted compositions of 
initial leakage from exhaustion of ion exchanger 
during laboratory experiments 

Cycle 
number 

1.01.018 
1.01.02x 
1.01.028 
1.01.03 
1 .01.04 
1.01.50 
1 .01.06 
1.01.07 
I .oi .oa 
1.02.01 

Initial exhaustion-leakage concentrations, meq/L 
Experimental Equilibrium model 

Ca Mg Na Ca Mg Na 

0.78 1.57 137 0.37 0.43 154 
0.30 2.56 126 0.25 0.18 116 
0.40 0.70 151 0.30 0.57 152 
0.40 0.80 131 0.24 0.44 136 
1.20 1.50 127 1.23 i .2a 136 
1.50 1.70 144 1.29 1.32 141 
0.20 0.70 139 0.22 0.33 137 
3.98 5.92 115 1.60 1.55 130 
1 .BO 1.33 138 0.89 1.13 143 
0.02 0.05 130 0.01 0.01 129 

values having a standard deviation of 30 percent. 
The relatively large standard deviations indicate cbn- 
siderable scatter in the goodness of fits of the model 
or variation in the experimental data. 

Table 9 shows similar comparisons of initial leakage 
compositions for the field experiments. For 16 of the 
18 cycles listed in table 9 (cycles L.18.1 3 and 
L.19.27 omitted for the reason given in table 9 
footnote), the calcium-leakage concentration pre- 
dicted by the equilibrium model for each cycle aver- 
aged 76 percent less than the corresponding 
experimental value with a standard deviation of 1 1 
percent. For magnesium the predicted leakage con- 
centration averaged 53 percent less than the 
measured values from LVS with a standard deviation 
of 17 percent. 

The reasons possible why the equilibrium model 
underpredicted the initial concentrations of calcium 
and magnesium during exhaustion are that: 

1. The equilibrium model does not account for 
nonunit activity coefficients in the cationic equilib- 
rium between resin and solution. 

2. The higher than predicted initial leakage dur- 
ing exhaustion is due to the hydrodynamics of 
flow through the resin bed whereby a certain pro- 
portion of the feed water avoids intimate contact 
with the resin. 

Table 9. - Measured and predicted compositions of initial 
leakage from exhaustion of ion exchanger during ion- 
exchange experiments at the La Verkin Springs site 

Cycle 
number 

Initial exhaustion leakage concentrations, meq/L 
Experimental Equilibrium model 

Ca Mg Na Ca Mg Na 

L.Ol.97 3.24 2.01 134 I .oa 1.19 137 
L.02.12 2.50 2.01 134 1 .Ol 1.25 140 
L.03.35 2.74 2.01 137 0.96 1.17 138 
L.04.11 2.50 2.26 139 0.85 1.26 132 
L.05.54 4.74 3.01 134 0.26 0.31 141 
L.10.14 1.25 1.51 143 0.15 0.42 140 
L. 12.22 1.20 0.82 190 0.11 0.31 137 
L.17.17 0.80 1.56 140 0.15 0.53 135 
L.ia.13 0.40 0.48 160 ‘0.45 *1.49 132 
L.19.27 0.36 0.60 160 So.38 *0.66 135 
L.20.09 0.56 0.95 164 0.11 0.58 130 
L.22.?5 0.48 0.72 160 0.15 0.45 136 
L.23.19 0.70 0.76 160 0.26 0.47 137 
L.24.11 0.64 0.80 166 0.19 0.41 134 
L.25.22 i .a0 1.81 150 0.38 1.04 135 
L.26.14 1.40 1.56 160 0.21 0.46 134 

l High predicted values of calcium and magnesium leakage for 
cycles L.lB.13 and L.19.27, as compared to similar cycles, is attrib- 
uted to errors in the chemical analyses of the fresh regenerant. The 
reported concentrations of calcium and magnesium in the fresh 
regenerant of the two cycles was up to 4 times higher than the value 
that would be expected. 
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3. The experimental estimates of calcium and 
magnesium concentration in the exhaustion 
effluent, done by atomic absorption spectrometry 
in two different chemistry laboratories, are 
systematically higher than actual. Atomic absorp- 
tion spectrometry are subject to such systematic 
errors when the solutions analyzed contain inter- 
fering ions. Calcium analyses of the exhaustion 
effluent done by operators during each cycle to 
detect the resin breakthrough to terminate 
exhaustion yielded values that were about half of 
the experimental values listed in table 9. Labora- 
tory data for calcium in table 8 also were done by 
the titration method. 

The effect of the second factor is apparent in com- 
paring the leakage concentrations of the field 
experiments (table 9) with results measured in the 
laboratory (table 8) even if a correction for the ana- 
lytical method (factor 3 above) is included. The initial 
calcium concentrations from the field experiments 
were several times greater than the laboratory 
measurements. Ion-exchange equilibria differences 
(reason 1 above) is not a likely reason for the differ- 
ences in leakages measured in the laboratory and in 
the field because the water compositions and resin 
tested in each location were similar. Rather, it is 
thought that the narrower column (25 millimeters in 
diameter) and flow distributors used in the laboratory 
provided more uniform axial flow distribution across 
the cross section of the resin bed than did the larger 
pilot plant column (340 millimeters in diameter) and 
flow distributors used in the field. There were also 
larger differences in temperature between feed 
water and regenerants at LVS that apparently con- 
tributed to a moderate amount of instability of flow 
and turbulence in the resin bed -visible through the 
transparent column - when solutions of different 
density flowing through the resin bed were changing 
between IX steps. 

Hydrodynamic aspects of IX columns are divided 
generally into effects caused by eddy dispersion and 
from flow maldistribution [28, 291. Eddy dispersion 
is a longitudinal spread of the solutes (ions), which 
occurs because the fluid follows a meandering path, 
changing direction as it flows through the packed 
resin bed. Eddy dispersion becomes insignificant 
with the decrease in size of the column packing. Flow 
maldistribution can be caused by nonuniformities in 
the column-packing density. The flow will naturally 
take the path of least resistance, which corresponds 
to the least dense packing, which generally occurs 
near the outside wall of the column. Shrinkage of the 
resin during absorption of ions accentuates the prob- 
lem. The DOWEX@ HCR cation-exchange resin 
swells in going from the sodium to magnesium form; 
then it shrinks in going from the magnesium to cal- 
cium form [28]. Fingering of flow also can be caused 

by differences in fluid density during the transition 
between different solutions fed to the resin bed. 

It is apparent that some improvement of the equilib- 
rium model is necessary, particularly in moderate to 
large diameter resin beds, for the model to be accu- 
rate in predicting the initial composition of the 
exhaustion effluent. Further work is required to iden- 
tify how this correction should be done. Neverthe- 
less, the model given here does give a qualitative 
indication of the initial leakage to be expected. 

Liquid-Film Mass-Transfer Control During 
Exhaustion 

While the equilibrium relations in the previous two 
sections are useful in predicting the maximum capac- 
ity of an IX resin and the initial leakage in a particular 
application, such equilibria alone do not account for 
transitions between equilibrium states. Full equilib- 
rium between resin and solutions are seldom, if ever, 
achieved in practical IX processes. In the transition 
between a fully regenerated resin bed and a fully 
exhausted resin bed, equilibrium relations for the 
case where the exhausting ion is preferentially 
absorbed from solution would predict a step change 
in the composition of the effluent solution between 
the initial leakage composition (estimated in the pre- 
vious section) and the composition of the exhaustion 
feed water. In reality the transition is not abrupt as 
shown on figure 5 and data in appendixes 6 and F. 
Mass-transfer rate limitations cause the transitions 
between equilibrium states, which are seldom actu- 
ally achieved, to be gradual. 

Numerous models having analytic solutions have 
been developed to account for mass-transfer limita- 
tions for the movement of ions between the solution 
and IX resin [27 to 301. Each of the analytical models 
are based on a set of assumptions to make the math- 
ematics solvable. The validity and applicability of any 
particular model depend obviously upon how well 
the model represents the subject ion-exchange sys- 
tem. The modeling that follows applies to ion 
exchange in a fixed bed as opposed to mass transfer 
to a single bead. 

A two-component system is considered here first 
because it is simpler than a polycomponent system. 
A model describing the transport of three or four 
cations could be much more accurate in the present 
case of calcium, magnesium, sodium, and potassium 
exchange than the two-component model. But such 
polycomponent models result in a set of simul- 
taneous differential equations which cannot be 
solved analytically but require finite-difference, 
numerical solutions using a computer [29]. The 
development of such a model is beyond the scope 
of the present phase of study but is recommended 
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for the future. Nevertheless, for the purposes of 
description and understanding, the simpler result 
and transport mechanisms of a two-component 
system are more easily discussed and explained. 

Divalent-monovalent exchange (either calcium or 
magnesium being exchanged for sodium) can be 
approximated at relatively low solution normalities, 
such as in the exhaustion, as irreversible cation- 
exchange absorption of the divalent cation into the 
resin. This strongly favorable absorption of magne- 
sium and calcium in a resin bed originally in the 
sodium form is demonstrated by the equilibria of 
equations 9 and 10 where KWC, > > 1. Under 
such equilibrium conditions during exhaustion the 
shape of the divalent-ion-concentration profile pass- 
ing through the bed, once developed at the entrance 
of the bed, is relatively stable and invariant in shape 
with variations in time and distance along the axis of 
flow through the resin bed. This type of profile is 
termed “self-sharpening,” because effects such as 
axial dispersion which would otherwise broaden the 
exchange front tend to be canceled out. 

In contrast, regeneration of the resin will be an unfa- 
vorable equilibrium when KWC, < 1. Under such 
conditions the shape of the concentration profile will 
broaden with axial distance through the resin bed. 
While the resin bed can be regenerated successfully 
when the equilibrium is unfavorable, the volume of 
regenerant solution required is greater than if the 
regeneration were controlled by a favorable equilib- 
rium. Thus, the same model that applies to exhaus- 
tion generally does not apply to regeneration, which 
is true of the present calcium-magnesium-sodium- 
DOWEX@ HCR system. An equilibrium, mass-balnce 
model can account for much of the broadening of 
the regeneration concentration profiles within and 
leaving the resin bed [29]. 

For a given set of solution and resin ionic composi- 
tions and hydrodynamic flow conditions, the local 
ion mass-transfer rates are controlled by the ionic 
equilibrium between solution and resin, which deter- 
mines the mass-transfer driving forces, the mass- 
transfer resistance of the ion-exchange material 
itself, and the resistance of the “liquid film” of solu- 
tion in the immediate vicinity of the resin beads. Axial 
dispersion is often negligible relative to the preced- 
ing mass-transfer resistances. In the present case of 
a strong acid cation-exchange resin being exhausted 
by a relatively dilute solution, the liquid-film mass- 
transport resistance dominates, at least during the 
beginning portion of exhaustion, which is of greatest 
interest because it includes the practical range of 
operation of an ion exchanger up through break- 
through concentration when the exhaustion step is 
terminated. As exhaustion procedes further and 
equilibrium between resin and exhaustion-effluent 

solution is approached, the mass transport within the 
resin beads begin to dominate the overall ionic mass 
transport between solution and resin.’ 

There is a relatively simple mathematical model for 
irreversible exchange in a fixed bed of a strongly 
favored species for an absorbed species [29, 30, 
32, and 331. The model is for two ionic components 
only, but it should approximate the present system 
where either calcium or magnesium is exchanged for 
sodium during exhaustion. It would not apply to the 
calcium-magnesium exchange because calcium is 
preferred only moderately by the resin over magne- 
sium (see equation 12). 

To develop the liquid-film model it wasassumed that: 

1. The resin initially contains only the monova- 
lent cation as does the portion of resin before the 
exchange front arrives, 

2. The solution contains only the divalent cation 
as does the resin behind the exchange zone, 

3. Liquid-film resistance controls the mass 
transport, and 

4. The equilibrium for absorption of the divalent 
ion is strongly favorable relative to the monovalent 
ion such that the liquid-film divalent-ion concen- 
tration at the resin surface is essentially zero. 

The differential equation for the exchange zone is: 

2% kc 
dt L 

(21) 

The solution of equation 21 for the composition of 
the effluent of the exchange zone leaving the resin 
bed, subject to a mass balance between the solution 
and resin [32, 331 yields: 

Inf= - ~- kLC* “- kL v,,, , 

0 a% G 
(22) 

where: 
C = effluent concentration of the 

divalent ion in meq/L, 
Co = influent concentration of the 

divalent ion in meq/L, 
kL = liquid-film mass transport coefficient 

in min-l, 
a = total resin capacity in eq/L of resin, 

GB = exhaustion flow rate in Vmin, 
V = volume of solution passed through 

the resin in L, and 
Vresin = volume of resin in the bed in L. 
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Note that in the nomenclature above that kL includes 
a factor for the film surface area per volume of resin 
bed. Because electroneutrality of ionic charges 
requires that the net equivalents of cations moving 
in a direction be balanced by an equal number mov- 
ing in the opposite direction, the kL is an average of 
the individual sodium and calcium transport coeffi- 
cients. As used here, I/ includes a correction for the 
void volume of the bed. For example, if the void 
volume fraction of the resin bed is 0.3, the resin-bed 
volume times 0.3 is subtracted from each value of 
the accumulated exhaustion-effluent volume Vto 
account for rinse water in the voids of the bed at the 
start of exhaustion. 

It is interesting that the equilibrium constant k&,Na 
or KMg,Na in equation 9 or 10 does not appear In 
equatron 22. This is because it was assumed in 
deriving equation 22 that the divalent ion is very 
strongly absorbed preferentially by the resin, which 
is equivalent to stating that K&,Na or KMg,Na is very 
large. 

According to equation 22 (a semilog plot of C/C,) 
the fraction of the divalent-ion concentration of the 
influent that breaks through the column in the efflu- 
ent, versus l4 the accumulated volume of solution 
passed through the column during exhaustion will 
yield a straight line with a slope of kLC,/aG,and an 
intercept of dkL V&“/G,) - 1. Because G,. V,,i,, 
and C,are controlled and measureable in an experi- 
ment, kL and a can be calculated from measure- 
ments of the slope and intercept. Thus, if equations 
21 and 22 represent an accurate model, a 
laboratory-scale column can be operated to obtain 
data for the exhaustion of a sample of resin, and the 
kL obtained from the data can be used to predict the 
exhaustion breakthrough curve (equation 22 rear- 
ranged in terms of C as a function of LJ) and the resin- 
volume requirement for a full-size plant. Furthermore, 
by collecting data at different experimental condi- 
tions it should be possible to obtain relations for kL 
as a function of different control conditions (for 
example flow rate) to predict IX performance for a 
range of operating conditions. 

The above two-ionic-component liquid-film model 
obtained from the literature was expanded to be 
more relevent to the present work. Specifically, the 
laboratory experiments included resin and solution 
compositions which were mixtures, not completely 
consistent with the assumptions used in deriving 
equation 22. 

1. The cation-exchange resin was not totally in 
the monovalent form at the beginning of exhaus- 
tion (the previous assumption 1) but contained a 
particular proportion of the divalent and monova- 
lent cations uniformly throughout each resin bead, 
and 

2. The exhausting solution contained not just the 
divalent cation (the previous assumption 2) but 
was a mixture of the monovalent and divalent 
cations. 

The initial and final compositions during exhaustion 
of the resin are described by the following nomencla- 
ture for a two-component, monovalent-divalent 
system. The resin begins exhaustion with qiequi- 
valents per liter of the divalent ion. The initial concen- 
tration of the monovalent ion in the resin is a- 9/ 
The initial concentration of the divalent ion in the 
exhaustion effluent is C,, which is the solution con- 
centration in equilibrium with the initial resin concen- 
tration of 9i. The initial sodium-leakage concen- 
tration in equilibrium with the resin is C,- C,. When 
exhaustion is complete, the resin will have reached 
an equilibrium divalent-ion concentration of 9e (a 
monovalent-ion concentration of a- 9J with the 
exhaustion-feed solution having a concentration of 
Ci of the divalent ion (Co- C; of the monovalent 
ion). 

From the differential equation analagous to equa- 
tion 2 1, a solution was derived analagous to 
equation 22: 

c-c* 
In = 

kL 1 Ci- C,) 1/S skL V,,, 

Ci- C, Ge (Si- 9J G.9 
- 1 (23) 

Values for kL and 9i - 9ecan be obtained from a 
semilogarithmic plot of (C- Ce) / (Ci- C,) versus L/: 
The slope will be: 

kL CCi- CJ 

Ge (9i- 9.9) 

and the intercept will be: 

kL "rmin 1 

G, -’ 

Note that the difference between 9i and 9* is 
obtained from the slope and intercept but that addi- 
tional experimental data are needed to calculate indi- 
vidually the initial and final resin compositions. An 
additional possibility if the experimental data are 
unavailable is that the values of 9i and 9@ can be 
estimated from solution compositions using the equi- 
librium model presented earlier in this section. 

Besides the liquid-film model, other IX models, for 
example, a particle-diffusion model, also give an “S” 
shaped curve for effluent concentration versus vol- 
ume. In fact, it would be expected that a particle- 
diffusion model would be more accurate than a 
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liquid-film model as exhaustion nears completion 
because the resin is nearly at equilibrium with the 
exhausting solution and the concentration driving 
force across the liquid film becomes small relative to 
concentration differences within the resin beads. 
There are only slight differences in the particular 
shapes of the ‘7’ curves of many of the various 
possible models, and these shapes are difficult to dif- 
ferentiate between relative to the error of ion- 
exchange experiments. Thus, just because a given 
set of IX data can be fit reasonably by equation 22 
or 23 does not prove in itself that the liquid-film 
model is the true physical description of the 
IX-transport behavior [29]. 

Results. - Exhaustion-effluent concentration data 
from the laboratory experiments given in appendix 
F were fit to the liquid-film model. Regression anal- 
yses of In C/C,of calcium, magnesium, and total 
hardness (calcium plus magnesium) as dependent 
variables and V(exhaustion throughput volume) were 
performed to fit equation 22. Computer printouts 

0 

-6 

and plots of some of the regression analyses are 
given in appendix H. A typical semilog plot for cal- 
cium of cycle 1 .01.06 is given on figure 8. which 
contains the same data as on figure 6. The three data 
points lying in nearly a straight line were selected 
from the plot on figure 8 for the regression analysis, 
resulting in the straight-line fit. These three data 
points occur in the range of resin breakthrough of 
calcium, which is the range of applicability of the 
liquid-film model. Points before the three are initial 
leakage. Points after the three are final approach to 
equilibrium between the exhausting solution and 
resin where particle diffusion can be expected as an 
influencing transport mechanism. Similar plots for 
magnesium and total hardness concentrations did 
not yield such straight lines, which could be due to 
poor precision of the chemical analysis method used 
for total hardness. (Magnesium concentration was 
calculated as the difference between total hardness 
and calcium concentrations, each determined by 
titration where a calorimetric end point must be 
visually detected.) 

. 
. . l 

. L Equation 22 fit to 3 points@ 
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Figure 8. - Semilog plot of calcium effluent concentration ratio versus effluent volume for cycle 1 .01.06. 
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Table 10 is a summary of the regression information 
for the liquid-film model for calcium (equation 2 1) in 
each cycle. Table 10 shows the values of the appar- 
ent kL and B calculated from the slope and intercept. 
The adjective “apparent” is used here because suc- 
cessful straight-line fits of the semilogarithmic plots 
do not in themselves prove the validity of the liquid- 
film model given by equation 22 because other 
mechanisms also could give such a fit. The assump- 
tions used in developing equation 22 are not entirely 
in force with the present laboratory data as noted 
earlier in this section. Assuming the validity of equa- 
tion 22, B may be considered the net equilibrium 
specific resin capacity for calcium, which is the dif- 
ference between the equilibrium 9oa’s for the regen- 
eration and the exhaustion feed solutions. 

In addition to C/C, regression analysis also were 
performed and plots were made for calcium, magne- 
sium, and total hardness on In [(C- C,)/(Ci- C,)] 
versus l/to try to fit the exhaustion effluent concen- 
tration data to equation 23, the other form of the 
liquid-film model that was developed, because it 
would be presumably more accurate than equation 
22. It was found that the data fit by equation 23 did 
not fit well with a straight line. A sample plot for cal- 
cium is on figure 9 using the same data as on figure 
8. For all the cycles, the best fit of the data using this 
latter concentration function would have been a con- 
vex curve of the shape indicated by the three points 
about the straight line on figure 9. Analysis of the 
data for magnesium and total hardness using this 
same method gave similar unsatisfactory results. 

Thus, although equation 22 does not appear to be 
as rigorous theoretically as equation 23, the plots of 
C/C, for calcium versus V as indicated by equation 

22 gave straight line fits, which were highly signifi- 
cant statistically, for all of the laboratory IX cycles. 
Similar plots as on figure 9 did not fit equation 23. 
Because of the success of the semilog form of equa- 
tion 22 to fit the data, equation 22 was tentatively 
selected as a useful description of calcium break- 
through. Equation 21 was rewritten in terms of 
c/c,: 

C 

i 

kL co ” 

c, = exp BGg 

kL “&” 

- 
-1 

=e 1 
(24) 

where exp ( ) means that the value within the paren- 
theses is the exponent of e, the base of natural 
logarithms. 

Using the values from curve-fitting in table 10 for 
cycle 1 .01.06 .and equation 24, values for C/C, 
were calculated as a function of K the values are 
shown plotted on figure 10. Note that equation 24 
provides a good fit of the experimental data during 
the initial breakthrough of calcium where liquid-film 
mass transfer resistance would be expected to domi- 
nate. The relatively greater deviation of the curve 
from the forth data point at 50 bed volumes relative 
to the second and third points is due to the exponen- 
tial transformation of the least-squares fit parameters 
obtained from In C/C, versus I/: Nonlinear regres- 
sion methods would produce a more equal fit of each 
of the untransformed data points. Beyond the half- 
height point the exponential equation does not fit the 
data adequately, which is also where particle- 
diffusion control is expected to begin to dominate 
as total exhaustion is approached. Note that the 
practical breakthrough concentrations of 6 and 
12 meq/L of calcium, where exhaustion was termi- 
nated in the LVS field experiments, lie in the range 
where equation 24 fits the data well. 

Table 10. - Values from linear regression fit of laboratory IX data In C/C, 
of calcium versus V, exhaustion-throughput volume in bed volumes 
(1 bed volume = 500 mL), apparent mass-transfer coefficients, kL, and 
total calcium resin capacities, a, of liquid-film model 

Cycle 

number 

Number Semilog 

data slope 

points BV-’ 

Standard 

error of 
slope 

Semilog 

intercept 

Standard 

error of 
intercept 

kLc -1 
second 

a, 

eq/L 

l.Ol.OlA 4 0.0852 0.010 - 6.30 0.39 0.122 1.356 
1 .Ol .Ol B 4 .0738 .005 - 4.42 .26 .0806 1.124 
1 .01.02x 4 .0929 .005 - 6.46 .23 .1213 1.335 
1.01.028 3 ,173 .005 - 7.43 .20 .1439 1.565 
1 .01.03 3 .0858 .005 - 5.65 .30 .0484 1.453 
1 .01.04 3 9912 .002 - 4.76 .03 .0383 0.955 
1 .01.05 3 .I41 .005 - 4.72 .08 .0387 1.056 
1 .01.06 3 .113 .OlO - 6.29 .30 .I164 1.096 
1.01.07 2 .132 0* - 4.05 OX .0671 0.961 
1 .Ol .OB 4 .I49 902 - 5.23 .04 .0419 1.145 
1.02.01 5 .I63 .OlO -11.61 .52 .157 1.459 

* Because there were only two data points within the appropriate range for cycle 1.01.07, the 
first order curve fit passed exactly through the two points and had no residual error. 
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On figure 10, the double mirror image of the 
exponential function rotated about the half height is 
the short dashed line. which is plotted to show how 
the “S” shaped curve could appear if it were sym- 
metrical. The deviation of this short dashed curve 
from the longer dashed curve drawn to pass through 
the experimental data shows clearly that the 
experimental “S” shaped curve is not symetrical. 
This general type “S” shape of the experimental 
data, where the bottom of the “S” has more curva- 
ture than the top, is indictive of particle-diffusion 
controlled mass transfer in the later portion of the 
exhaustion breakthrough [29]. 

The various areas marked A through E on figure 10 
are used to describe the differences among various 
estimates for specific calcium resin capacity Qca. 
Multiplication of a measured area (dimensionless on 
figure 10) by the feed-water calcium concentration 
yields an estimate of 9Ca. The different estimates of 
9Ca for each experimental cycle are given in table 7. 
The experimental estimate of the amount of calcium 
removed per IX cycle (table 7, column 3) corre- 
sponds to the entire area B+C+D+E. It was esti- 

I 

0 

u” 0” 
1 I -I 

0 i; 

t - 

-2 

mated in the present work using the trapezoidal 
method of numerical integration. In the present dis- 
cussion. this experimental value is considered the 
“true value” for comparison with the other esti- 
mates, which are greater approximations, but of 
course, it is subject to experimental error. 

The a of the liquid-film model -an estimate of 9Ca 
contained in equation 22 - is represented by the 
area B+C. Because the area is but a portion of the 
true area, it is easy to see why it is a lower estimate 
of each 9ca (table 7, column 5) than the experimental 
value. 

The half-height estimate of 9Ca, represented by the 
rectangular area A+B+C on figure 10, is the bed 
volumes at C/C,= 0.5 times the influent calcium 
concentration. It is used sometimes because it can 
be simple to calculate and is easy to describe theo- 
retically. In the last column of table 7. the half-height 
estimates are also less than the experimental esti- 
mates, and would only be equal to the true value if 
the “S” curve were symmetrical, as the double- 
mirror-image curve of the exponential function 

/ 

Equation 23 f 'it to 3 points@ 

. 
. . . 
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Figure 9. - Semilog plot of reduced calcium effluent concentration versus effluent volume for cycle 1 .01.06. 
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shown as the short dashed curve on figure 10, or 
where the areas A=C+D. 

Thus, none of the other three methods of estimating 
qCa in table 7 appear to be an accurate substitute for 
the experimental value obtained by trapezoidal inte- 
gration. All three gave low estimates with the present 
data. However, these other methods may be useful 
for providing quick, rough estimates, depending 
upon the accuracy required, because they may be 
easier to calculate and require fewer data points. 

Regression analysis was performed on the combined 
summary data from the various cycles with the 
apparent /Q and a as the dependent variables. Inde- 
pendent variables in the regressions included all the 
control variables in the laboratory IX experiments, 
namely, exhaustion-feed and regenerant water com- 
positions, water temperature, and exhaustion flow 
rate. Regeneration flow rate was not included 
because it will not affect exhaustion when the regen- 
eration is totally to equilibrium. These regressions 

1.0 
f 

Extrapolated exponential function 
of liquid-film model equation230 

.8 , Double mirror image of 
exponential function 

B 
.6 

Half height-----+ 

iI 
1 L %Smoothed 

/ 
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/ 
curve 
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Figure 10. -Fit of liquid-film model to calcium effluent concentrations during cycle 1 .01.06. areas of different estimates of specific 

resin capacity also are shown. 

were done for possible prediction of the location and 
slope of the calcium-breakthrough curve as a func- 
tion of different IX operating conditions. Computer 
printouts from these regressions are in appendix H. 

Results of these regressions with kL as the depend- 
ent variable were that only the exhaustion flow rate 
G, of all the control variables had a statistically sig- 
nificant relation with kL. This would be expected in 
the liquid-film model, although a weak relation with 
water temperature had been observed [33]. Note 
that the water compositions in the laboratory experi- 
ments did not relate significantly (using the partial F 
test [25] and 95 percent confidence limits) to kL, 
although they did relate significantly with B as de- 
scribed in the following paragraph. The equation 
form selected between kL and V was a power model 
because it is often used for mass-transfer coeffi- 
cients and can give a good fit with only two parame- 
ters. Moreover, because only two levels of G, were 
controlled in the experiments, it would not be 
possible to detect curvature and to differentiate 
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between the various possible functions of kL versus equilibrium model given earlier in this section pro- 
G8 with the data. The resulting regression equation vides a more accurate and meaningful estimate of 
for kL is: %a. 

kL = 0.00281 Y'.'~ (25) 

where v is the superficial flow velocity (mm/s) which 
is the volumetric flow rate G, divided by the 
resin-bed cross-sectional area. 

Equation 25 contains v in place of G, to make it 
more generally applicable for resin beds of any cross- 
sectional area containing DOWEX@HCR-W2 resin 
and operating with comparable conditions and water 
compositions. The log-log plot of kL versus v con- 
taining the regression line of equation 25 and the 
experimental data are given on figure 1 1. The 
95-percent confidence limits for the 1 .17 exponent 
in equation 25 are relatively wide at 0.7 1 to 1.62. 
For liquid-film mass-transfer, this exponent should be 
less than 1 [29], for example, about 0.1 according 
to one article [33] and 0.5 according to 
another [30]. Thus, within the experimental variabil- 
ity and the goodness of fit of the model, equation 25 
is consistent with many of the results of others. 

Multiple regression analysis of a as the dependent 
variable showed that the only control variables signif- 
icantly affecting it were the exhaustion-feed and 
regenerant compositions. This finding is consistent 
with the previous discussion regarding the equilib- 
rium model for estimating gCa. None of the data from 
the regressions fitting a are given here because the 
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Figure 1 1. - Log of liquid-film mass-transfer coefficient versus 
log of superficial velocity of exhaustion flow. 

Limited regression analysis was performed on the 
LVS field data using-the liquid-film model. The 
results, not included in this report, were not as 
encouraging as with the laboratory data because the 
apparent k, varied with regenerant composition 
when exhaustion-flow rate was held constant. If the 
liquid-film model were valid, kL should be independ- 
ent of ionic water composition, as was observed in 
the laboratory experiments. The calculated B values 
were also about one-half of the values that would be 
expected based on other estimates of 9ca. The rea- 
sons for the poor fit of the model to the field data 
are not entirely clear, but the fact that the exhaustion 
steps of the field experiments were run to break- 
through calcium concentrations of 6 and 12 meq/L 
rather than to equilibrium as in the laboratory experi- 
ments, limited the range of the exhaustion-effluent 
calcium-concentration data for curve fitting (see 
fig. 9). It is also true that the regenerations were not 
done to ionic equilibrium between resin and regener- 
ant at LVS as in the laboratory experiments, which 
certainly could affect the subsequent exhaustion 
breakthrough curves. 

In summary, the liquid-film model gives a good fit of 
the laboratory data including separation of flow-rate 
and solution composition affects into two separate 
parameters, kL and a, which have apparent physical 
meaning according to the model. Thus, considerable 
progress has been made in developing a predictive 
model for the exhaustion step of an IX cycle. Less 
success was achieved in fitting the liquid-film model 
to the LVS field experiments, but the field experi- 
ments were not designed for obtaining the data 
needed to test the liquid-film model. Additional field 
experiments would be required with this goal in 
mind. 

Modeling the Regeneration Step 

Development of equations to describe the dynamic 
behavior of the cation exchange between regenerant 
and IX resin was beyond the scope of the present 
phase of study. The equilibrium model presented 
early in this section described the resin capacity at 
equilibrium with influent solutions. This equilibrium 
model did not account for a limited regeneration vol- 
ume nor for the rate of exchange between solution 
and resin. Some information on a regeneration 
model was gathered in the course of the literature 
review needed to develop the models contained pre- 
viously in this section. This information can be used 
as a starting point to develop a regeneration model 
in the future. 
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The importance of mathematically describing the 
regeneration step is that the efficiency of using the 
regeneration solution and the concentration profile 
within the resin bed at the beginning of exhaustion 
can be described. Both have an effect on the 
exhaustion, and thus, cycle performance. A nonuni- 
form concentration profile in the bed at the end of 
incomplete regeneration becomes an initial bound- 
ary condition for the exhaustion model. The stoichio- 
metric efficiency of using the chemicals in the 
regenerant solution to regenerate the resin can be 
substantially less than 1.0 in strong acid cation 
exchange (the present system), and a regeneration 
model should predict the inefficiency. 

At the high normalities of regenerant solutions, the 
mass-transfer resistance between solution and resin 
is usually relatively small relative to the equilibrium 
dynamics between solution and resin bed [29]. The 
equilibrium between solution and resin is probably 
unfavorable in the regeneration exchange of 
regenerant sodium for calcium on the HCR-W2 resin. 
Mathematically, the right side of equation 9 will be 
greater than 1 .O if equilibrium is unfavorable. 
According to equation 9 if C,were high enough this 
exchange equilibrium would be favorable, but this 
probably does not occur in the present system under 
study. Unfavorable equilibrium results in a propor- 
tional concentration profile, one in which the 
calcium eluting peak tends to spread out with 
increasing time and axial distance through the resin. 
This proportional profile contrasts with the favorable 
equilibrium case of exhaustion (liquid-film model) 
where the exchange front is “self-sharpening.” The 
mathematics of the proportional pattern predict the 
effluent history of regeneration from solution IX resin 
equilibrium and mass-balance relationships. Only a 
minor correction may be needed to account for the 
mass-transfer resistance. Thus, previous work in the 
scientific literature [27 to 3 l] provides a basis with 
which a regeneration model could be developed as 
an extension of the present study. This would result 
in a more accurate model for predicting the perform- 
ance of the entire IX cycle where limited regenera- 
tion volume and less than ideal regenerant-brine 
compositions strongly affect the IX performance. 
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ION t EXCHANGE 
applications l recommendations l materials 

DOWEX HCR-WZ cation exchange resin 
A second generation premium quality resin-DOWEX’ 
HCRW2 cation exchange resin-is produced by a new 
improved process. It replaces DOWEX HCR-W resin in all 
applications requiring superior physical stability and 
closely graded particle sizing. The excellent operating 
characteristics and outstanding physical stability which 
made DOWEX HCR-W resin the standard of excellence 
during the past 15 years are maintained. In fact, the new 
manufacturing process provides an even higher degree of 
physical stabilitv as measured by friability tests now stan- 
dard in many specifications.DOWEX HCR-W2 is more 
closely screened than standard water treatment resins. It is 
supplied to meet tight 16140 mesh specifications typical for 
condensate polishing and other high flow rate applications. 

APPLICATIONS 

Industrial and municipal water softening-DOWEX HCR- 
W2 resin is recommended for use in hot or cold zeolite 
softeners. It stays clean, resists breakdown and performs 
with a minimum of resin loss. It is especially well suited for 
upflow open-type municipal water softeners, assuring a 
minimum of particles leaving the system. 

Deionizing-Mixed beds containing DOWEX HCR-W2 
resin have lower pressure drop and are easily separated 
and regenerated. Freedom from fines formation assures 
maximum waterquality andoperation at design conditions 
for longer periods than similar beds of standard resins. 

T.D. Index 120.04 

Continuous systems-Physical stability is extremely im- 
portant in this kind of service. DOWEX HCR-W2 resin can be 
used alone or with a DOWEX anion resin in softening and 
other continuous ion exchange processes. Resistance to 
osmotic shock adds to its value as a superior cation 
exchanger for this service. Compatible with most anion 
resins, mixed moving beds are used with greatest safety to 
physical life of the anion resin. 

High flow rate condensate polishing-This application 
owes much of its success to the marked physical stability of 
DOWEX HCR-W resin. DOWEX HCR-W2 resin exhibits an 
even higher degree of uniformity when measuring physical 
stability by acceptable procedures, and it carries friability 
specifications equal to or exceeding most requirements. It 
is our unrestricted judgment that DOWEX HCR-W2 resin 
may be used without reservation for all condensate polish- 
ing systems without reference to special particle sizing to 
assure optimum water quality and lowest pressure drop 
since it is supplied to meet industry 16140 mesh specifica- 
tions. Superior physical stability, which practically elimi- 
nates bead breakage and formation of fines due to external 
regeneration or high flow operations, insures low pressure 
loss and high capacity cycle after cycle. 

DOW CHEMICAL U.S.A. 
AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY 

FUNCTIONAL PRODUCTS AND SYSTEMS DEPARTMENT 

MIDLAND, MICHIGAN 48640 
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Phvsical and Chemical PHYSICAL AND CHEMICAL PROPERTIES 
Prdperties 

Physical Form 

Sphericity- 
Original 

Water Retention 
Capacity 

Shipping Weight 
Ibs./cu.h.. __. 

Minimum Capacity 
meqlgdryresin .._ 
meq I ml wet resin 
Kgr / cu. ft. as 

calcium carbonate 

Color Throw, 
APHA No.. 

Specific Gravity 
Friability- gm I bead 

minimum for 
95% of beads 
average __.__..__. 

Standard Screen 
Size (Wet) 
on 16 mesh 
Through 40 mesh 

Screen Index Range 

Hard, spherical 
beads. 

95% Min. 

Na+ Form H+ Form 

4446% 51-54% 

53 50 

4.4 4.8 
2.0 1.6 

43.6 39.2 

20 40 
i .2a 1.21 

>2lM 2200 
>350 >350 

2% max. 2% max. 
1% max. 1% max. 
3Ml-456 300-450 

Suggested Operating 
Conditions 

pH Range 9-14 
Maximum Temperature 

Minimum Bed Depth 96 inches 
Service Flow Rate 24 gpm /cu. ft. 
Back Wash Flow Rate 7-6 gpm I sq. ft. at 779 

(See Fig. 1) 

DOWEX HCR-W2 cation exchange resrn meets 
the requirements of Food Additive Regulatron 
121.1148. (Now Title 21, Subpart A, 173.25.) 

Physical stability-The superior physical stabrlity of DOWEX HCR-W 
resin has long been established as a standard of the high performance 
ion exchange industry. The new manufacturing process for DOWEX 
HCR-W2 resin eliminates cracks and weak spots within the resin beads. 
Thissuperiorstability permrtsuse undersevereconditrons, suchas high 
flow rates. 

Hydraulic characteristics-Particle size of DOWEX HCR-W2 resrn is 
specifically controlled in manufacture, resulting in excellent hydraulic 
properties. (See Figures 1 and 2). The compression caused by high flow 
rates, attrition in backwash, and osmotic shock in saturated brine and 
strong acid regenerants, have a minimum effect on the resins’ perform- 
ance and efficiency. 

Highcapacity-Exceptionally high capacrty has been built into DOWEX 
HCR-W2 resin. Correspondingly high regeneration efficiency is obtarned 
and resin loss due to bead fracture is minimized. 

FIGURE 1- Expansion Characteristics of DOWEX HCRW2 Resin 
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FIGURE 2-Pressure Drop with 
DOWEX HCR-W2 Resin 

0.2 

0 2 4 6 8 10 12 14 16 16 20 

Flow Rate gpm! sq II 
(gpmlsqftx2.45 = m/h) 

wet Screen 
Mesh 

+16 
+20 
+M 
+35 
+40 
+50 
-50 

6.6 
37.0 
463 
13.0 

2.3 
08 
0.0 

To Fund Pressure Drop ~I other 
Temperatures. Multiply Pressure 

Drop at 77°F by Factor 

tlw Factor 

35 189 
45 1.59 
55 1.35 
65 117 
90 086 

120 0.63 

Sodium Cycle Operation: 

Regenerant Level 

Regenerant 
Concentration 

Regenerant 
Transfer Time 

Rinse Water 
Requirement 

Displacement 
Rinse Rate 

Final Rinse Rate 

Dependent on leakage 
and capacity desired 
(see Fig. 3 & 41 

l&26% NaCl 

2 min. /lb. NaCl I cu. ft. 

20-40 gal. I cu. ft. 

Adjusted to insure 
ta;in. contact with 

Equal to service rate 

FIGURE 3- Softening Capacity of DOWEX HCR-W2 Resin 

Test Conditions. Ca:Mg Ratio-Z:1 
Flow-5.6gpm/sqH 
Regansrar-10% NaCI 
End Point-17 ppm 
Bed Depth--M in 

L I 1 I I I 1 J 
0 200 400 Em em 1Wll 12lm 1460 

Raw Water Total Dissolved Solids lTDSl ppm as CaCOa 

FIGURE 4-Sodium Cycle/Operation 
Hardness Leakage 
DOWEX HCR-W2 Resin 

6 10 16 

i iiitl 

Raw Water Total Dissolved Solids (TDSI ppm as CaCOz 
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Hydrogen Cycle Operation: 

Regenerant Level ” 

Regenerant Flow Rate 
Rinse Water 

Displacement Rinse 

FIGURE I-Capacity of DOWEX HCRW2 
Resin in Hydrogen Cycle- 
HCI Regeneration 
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FIGURE 6-Capacity of DOWEX HCR-W2 Resin 
in Hydrogen Cycle- HzS04 Regeneration 

6 
2 4 6 6 

imo/o HzSO4. lb I C" h 

FIGURE 7 -Pressure Losses 
Through DOWEX HCR-W2 DOWEX SBRS Resin in Mixed Bed 
and Classified Bed 
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NOTICE-The rnformatron and recommendatrons here!” are, to the best of Seller’s knowledge, accurate and 
reliable and Seller’s products mentroned are reasonably fit for the purposes so rec‘ommended. However, as use 
conditions are not within rts control, Seller does not guarantee results from use of such products or other 
information herein. Freedom from patents of Dow or others is not to be Inferred. 

DOW CHEMICAL U.S.A. 
AN OPERATING UNIT OF THE OOW CHEMICAL COMPANY 

FUNCTIONAL PRODUCTS AND SYSTEMS DEPARTMENT 

MIDLAND. MICHIGAN 48640 
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Ion-Exchange - Run L.O1.OO 

Date: i/29/80 

Cycle: L.01.97 

Conditions: Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - Fresh ED Brine 
Source of backwash - IX feedwater 

Control variables: Fresh regeneration cont. (mg/L TDS-talc.) 
Target $y;i 
- 

Fresh regeneration cont. (mg/L TDS-evap.) 41 300 
Fresh regeneration flow rate (L/min) i2.0 12.1 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Service termination point (meq/L Ca++) 12.0 12.8 
Heat exchanger used No No 
Packed bed regeneration mode used No No 

(i.e., resin hold-down) 

Standard resin bed: Height"a 1 128 mn 
Volume = 103.0 L 

YO(?E IFJPUT 

PACKWASH FEED 

DPPIC 1 (VENT) 

?ElxN 3 FP PEGEY 

DaATN i? (VENT) 

RINSE FEED 

SERVTCE FEED 

ORPIN 3 (VENT1 

Chemical Compositions of Tank Waters (Prior to Cycle) L.Ol.97 

PH 
units .- 

- 

7.3 

7.3 

7.1 

6.6 

7.2 

7.3 

Conductivity 
mS/m pJ&c 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 151.0 

Lime-softened feed (T-9) 33.2 

Lime-softened feed (T-10) 33.0 

Fresh ED brine (T-28) 38.4 

IX product/ED feed (T-33) a.8 

Lime-softened feed (clearwell) 33.8 

?he standard resin bed height was determined by measuring the height of the resin 
at the end of the drain-down after regeneration with fresh ED brine. 

3 570 

1 100 

1 080 

4 170 

1 150 

1 100 

Ca++ Mg++ 
meq/L meq/L 

- 

97.0 54.0 

23.8 9.4 

22.4 10.6 

18.0 20.4 

3.9 4.9 

23.2 10.6 

OPERATING CONDITIONS 

CYCLE L.Ol.97 

DUHATIOFJ THYOIJG~PIJT VOLUME 
OUTPlJT M I:4 L HV 

WASTE 10 363 2.55 

WASTE 5 hn .6h 

S’ RECEN 62 749 7.27 

WASTE 5 68 .b6 

WASTE 10 155 1.50 

PRODUCT 12n 3560 34.6 

UASTE 4 55 .53 

z- 
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RFD 
Avt FLOW RATE ExPAYSTnN TEM'F‘ZATURE 
L/PIN HV/k(lN s: C 

26.3 .255 39. 23.5 

13.7 .I33 Q.0 

12.1 .I17 19. 15.5 

13.7 .133 a.0 

15.5 .150 0.0 

29.7 .?(I8 0.0 

13.7 .133 0.0 



Ru; 
Y 

L:’ ,CJO 
. 

19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 

30 
34 
35 

36 
37 
38 
39 
40 

41 
42 

47 
48 
49 
50 

51 
52 

53 
.54 
55 
56 

57 
64 
65 

66 
67 
68 

69 
80 
71 
72 

73 

74 

:z 

I)ate 

l/15/80 
l/15/80 

l/15/80 
l/15/80 
l/16/80 
l/16/80 
l/16/80 
l/16/80 
l/17/80 
l/17/80 
l/17/80 

l/17/80 
l/18/80 
l/18/80 

l/18/80 
l/19/80 
l/19/80 
l/19/80 
T/19/80 

l/19/80 
l/19/80 

l/20/80 
l/20/80 
l/21/80 
l/21/80 
l/21/80 
l/21/80 

l/21/80 
l/21/80 
l/22/80 
l/22/80 
l/22/80 

l/23/80 
l/23/80 
l/23/80 
l/24/80 
T/24/80 

l/24/80 
l/24/80 

l/24/80 

l/25/80 
l/25/80 
l/25/80 

v2::: 

Fresh Regenerant Volume Balance 

Cycle L.Ol.97 

Fresh Fresh 
regenerant regenerant Service ED feed 
volume (V3) TDS volume (VS) TDS R 

L mdL 
- 

L mq/L L 

240 
300 
610 
600 
600 
607 
617 
599 
600 

592 
615 
600 
606 
588 
606 
609 
597 
594 
600 

682 

681 
680 
682 
679 
680 
681 
678 

677 
677 
675 
677 
675 

680 
680 
681 
680 
679 

556 
860 
857 
858 

852 
750 
747 
750 

40 603 
40 603 

40 603 
40 603 
40 603 
42 000 

42 000 
42 000 
42 000 
42 000 

1 920 
2 240 
2 920 
2 840 

3 030 
3 270 
3 150 
3 000 
2 900 
2 730 
2 680 

3 280 
3 220 
3 390 
3 200 
3 170 
3 170 
3 240 
3 330 

3 330 
3 380 
3 560 

3 900 
3 520 
3 330 
3 170 
3 270 

3 270 
3 550 
3 250 
3 250 
3 150 

3 870 
3 830 
3 870 
3 930 
3 840 

3 420 
3 940 
3 680 
3 820 

3 820 
3 500 
3 540 
? 600 

- 

9 893 

9 893 

9 893 
9 893 
9 893 

13 000 
13 000 
13 000 
13 000 
13 000 

80 0.62 
80 0.67 

80 1.04 
80 1.06 
80 0.99 
80 0.93 
80 0.98 
80 1.00 
80 1.03 

80 1.08 
80 1.15 

80 0.91 
80 0.94 
80 0.87 
80 0.95 
80 0.96 
80 0.94 
80 0.92 
80 0.90 

80 1.02 

80 1.00 
80 0.96 
80 0.87 
80 0.96 
80 1.02 
80 1.07 
80 1.04 

80 1.04 

80 0.95 
80 1.04 
80 1.04 
80 1.07 
80 0.88 
80 0.89 
80 0.88 
80 0.87 
80 0.88 

80 0.81 

80 1.09 
80 1.16 

80 1.12 
80 1.12 
80 1.07 

ii vi46 . 

Vs/(l-R!Vt 
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Cycle L.Ol.97 (concluded) 

Fresh Fresh 
regenerant regenerant Service ED feed 

Run L-01.00 Volume (V3) TDS volume (Vs) TDS 
Cycle no. - L mm Date L m/L l Vs/(l-R)Vp 

82 l/26/80 753 - 3 760 - 80 1.00 
83 l/27/80 748 - 3 490 - 80 1.07 
84 l/27/80 750 - 3 500 - 80 1.07 
85 l/27/80 752 3 670 - 80 1.02 
86 l/27/80 752 - 3 590 - 80 1.05 

87 l/27/80 750 3 640 - 80 1.03 
88 l/27/80 751 3 450 - 80 1.09 
89 l/27/80 750 - 3 390 - 80 1.11 

90 l/28/80 753 41 570 3 540 8 960 80 1.06 

91 l/28/80 750 41 570 3 540 8 960 80 1.06 

92 l/28/80 752 41 570 3 550 8 960 80 1.06 
?3 l/28/80 749 41 570 3 350 8 960 80 1.18 

94 l/28/80 400 41 570 2 490 8 960 80 0.80 

iii l/29/80 l/29/80 750 754 3 3 430 460 - - 80 80 1.09 1.09 

97 l/29/80 749 3 560 - 80 1.05 

Influent and Effluent Compositions during IX Regenerqtion and Service 
(All samples composites except regeneration influent) 

(Analyzed at Boulder City on 3/10/80) 

Units 

pn units 

TOS (crlculrtcd) W/l 

TDs (crvontcd 0 180%) q/L 

cwuctivlty 0 25% Is/m 

Sillce 1911 

cdlciu ML 

lwgmsiu WL 

Sodlu WL 

Potrsrl~ W/L 

Iron. tot41 WA 

Nngdncrc. tom1 ml/L 

stronthm W/L 

OkWbOlldte W/L 

Cwbonrtc @ML 

Hydroxide FIIL 

sulfrtc ML 

Chloride WL 

Vrlk4linity 4s C&O, WL 

P-4lkrl~nlty as C&O,. W/L 

T-Phosphorus 41 PO, WL 

E.F. fiDS(crlculrCcd)/cond~ 

E.F. ~OS(cw+or4ted)/cond.] 

E Anlons -311 

t Crtlons W/L 

Control r41uc -l/L 

1.6 

38 so0 

39 100 

4 860 

15 

MO 

25.6 

12 500 

1 210 

0.27 

0.11 

5.5 

78.7 

0 

- 

8 640 

1s 500 

65 

0 

0.7 

7.9 

8.0 

616.6 

615.0 

+a.17 

w 

39 700 

38800 

0 

2 320 

659 

10 SW 

860 

0 

eo.4 

M 

104 

0 

- 

9 600 

15 700 

90 

0 

0 

643.9 

646.0 

-0.41 

vhe BW/RG-E sample was inadvertently excluded in the composite., 
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Rinse b 
rwvicc 
influent 

kwlce 
Jffluent 

?.I 1.8 

0 680 0 760 

8 570 0 590 

1 250 1300 

IS 15 

440 10s 

137 70.2 

2 310 2600 

205 284 

0.05 0 

0.05 0.05 

6.3 1.5 

41.5 40.9 

0 ; 

- 

2 000 

3 540 

34 

0 

1‘0 

6.9 

6.9 

142.1 

139.7 

l 1.04 

2 020 

3 440 

34 

0 

0.9 

6.t 

6.6 

139.1 

139.8 

-0.04 

Cycle L.01.97 



MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

CYCLE L.01.97 

PROCESS THPOIJGHPUT CA r4cr TH NA 
STPFA’I FV HEQ/L LEO/L MO/L c(Fr)/L 

EFFLIJFNT 
EFFLllcl~lT 
FFFLIUFNT~ 

n.nn 
1.2!4 
7.55 
3.3H 
4.43 
6.31 
A.14 
9.E4 
0.00 

.75 
l.SO 
I.50 
3.52 
5.93 

17.06 
19.07 
27.72 
32. n* 
w.07 
36.07 

22.95 
31.11 
29.Ob 
1%.96 

lS4.69 
117.27 

*4.p3 
72.36 

14.81 
12.64 
?ll.OH 
21.07 
no.33 
52.7h 
42.72 
40.1h 
2a.15 

7.03 
2.01 
2.01 

11.03 
2.01 

1n.53 
?.Ol 
6.53 

14.32 
10.7fi 
16.05 

37.77 
34.n4 
sn.oz 
40.03 

235.OP 
17o.orJ 

109.61 
in\ .:ls 
Ii’5.?6 
543.71 
3Q?.7H 
453.37 
snn.22 
Oh1 .n7 

53.40 
P15.71 
134.01 
136.15 
1n9.n4 
17Q.l“ 

99.61 
126.14 

EFFLIJENT 
EFFLIJE~IT 
EFFLUEWT 
EFFLIUENT 
IF!FLlJFNT 
EFFLUENT 
IUFLUE’IT 
EFFLIJFFIT 
EFFLUEFIT 
E FFLIIE’IT 
IWLOENT 
EFFLllEYT 

3.24 
3.74 

z1.71 
3.24 

21.46 
2.99 
4.24 
Q.33 

21 .kh 
12.72 

137.55 
112.52 

65.n7 
19.00 

5.25 
5.?5 

32.74 
5.25 

31.9s 
5.00 

10.77 
23,s’; 
32.34 
28.77 

aSample was diluted in the field (l/10). Values reflect undiluted concentrations. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.01.97 

AVERAGE CONCFNTRATIO~~S~ ME~/L R,EYOVAL 
lFiFLL’Ei\lT EFFLIJEI\IT DIFFERENCE si 

CA 21.54 4.53 16.91 7Q 
MC, liI.7h 5.16 5.6? 57 
fd 32.32 9.79 27.53 70 
NA ini .20 123.2n -22.00 

RFSIb’ CAPACITY 
LO/L 

,585 
.194 
.779 

TIYF-IdElWTFC 
RESI”’ CAPACITY 

HF.a/L’*<fa 

*2+7/ 
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MAJOR CATION CONCENTRATIONS MAJOR CATION CONCENTRATIONS OF 
OF IX REGENERATION EFFLUENT IX RINSE RND SERVICE EFFLUENTS 
CYCLE L.Ol.97 CYCLE LnOla97 

BW 

Calcium Avg. influent 
Magnesium concentrations, meq/L 
Total Hardness 
Sodium Ca++ 

Reg 

Mg++ 
19.0 
21.1 

TH 
Nat 

40.0 
544 

t 

69.: 

40.! 

) 215 0 Calcium 
0 Magnesium 

Avg. influent 
concentrations, meq/L 

A Total Hardness Gaff 21.5 
A Sodium Mg++ 10.8 
Y 

TH. 32.3 
. Na+ 101 

Service 

0 3 6 9 12 0 10 20 30 YO 
BED VOLUMES BED VOLUMES 

SODIUM [NRI, CALCIUM ICAl, .9ND MAGNESIUM (MGI CONCENTRATIONS ARE MERSURED BY ATOMIC ABSORPTION. 
'TOTAL HflRDNESS [TIII IS CRLCULATED BY SiiMMING THE CRLCIUM AND MAGNESIUM CONCENTRATIONS. 





Ion-Exchange - Run L.02.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

211180 

L.02.12 

Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS-talc.) 
Fresh regeneration cont. (mg/L TDS-evap.) 
Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 
Recycled regenerant volume (L) 
Service termination point (meq/L Ca++) 
Heat exchanger used ' 
Packed bed regeneration mode used 

(i.e., resin hold-down) 

Height% 1 izam 
Volume = 103.0 L 

Target 

12.0 
24.0 

'126ooO 
Yes 
No 

Actual 
40 800 

iz yoo 
24:0 
1 591 
12.2 
Yes 
No 

Chemical Compositions of Tank Waters (Prior to Cycle) L.02.12 

PH Conductivity Ca++ 
Tank units mS/m w/L 

Recycle regenerant (T-5) 7.5 4 600 49.0 

Spent regenerant (~-6) 7.4 4 600 52.0 

Lime-softened feed (T-9) 7.2 1 350 20.6 

Lime-softened feed (T-10) 7.1 1 320 21.2 

Fresh ED brine (T-28) 6.0 5 150 16.2 

IX product/ED feed (T-33) 5.7 1 400 3.0 

Lime-softened feed (clearwell) 7.1 1 320 21.4 

'The standard resin bed height was determined during run L.Ol.00. 

OPERATING CONDITIONS 

CYCLE L.02.12 

M++ TH 
meq/L meq/L 

47.0 96.0 

49.0 101.0 

11.4 32.0 

10.4 31.6 

21.8 38.0 

5.6 8.6 

10.0 31.4 

26.1 .?53 

P4.n .?33 

12.1 .117 

20.7 .?Ol 

1S.C .I46 

2Q.Q .?Ql 

?0.7 .?Ol 

9Fl-l 
FxP4usrnN TEYPFRATIIHE 

% C 

34. 2e.q 

3Q.O 26.5 

23. 11.8 

n.0 

o.n 

0.0 

0.0 



Fresh Regenerant Volume Balance 

Cycle L.02.12 

Run L.02.00 
Cycle no. Date 

05 l/30/80 
06 l/30/80 
07 l/31/80 
08 l/31/80 
09 l/31/80 
10 l/31/80 
11 2/l/80 
12 2/l/80 

Fresh Fresh 
regenerant regenerant 
volume (Vj) TDS 

L mg/L 

750 
746 
747 
880 
883 
878 
865 

880 

Service 
volume (Vs) 

4 210 
4 020 
4 190 
4 390 
4 350 
4 290 
4 430 
4 550 

ED feed 
TOS 
mg/L 51 - 

80 
80 

80 
80 
80 
80 
80 
80 

Va/(l-R)V% 

0.89 
0.93 
0.89 
1.00 
1.01 
1.02 
1.00 
0.97 

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.02.12 
(All samples composites except regenerations influent) 

(Analyzed at Boulder City on 3/12/80) 

Regcn 1, 2 
Unl ts influent 

PH units 

10s (crlculrted) W/L 

70s (cworated 6 1.90%) G&L 

Conductivity 9 WC 

s41ica 

Caltim 

kQfWS~lAl 

5odiun 

Pot4ssim 

Iron. tot41 

Rngrnesc. total 

stmntim 

6lcwbonatc 

Cmbonrtc 

Hydroxide 

sulfite 

Chloride 

I-rlkrlinity as CaCO, 

P-alkalinity as CaCOl 

T-DhosDhorus as PO, 

34 400 

34 300 

0 

1040 

610 

10 300 

102 

0.4 

=o.s 

26 , 

92 

0 

6 050 

1s 500 

00 

0 

0 

e 

563.6 

568.0 

-0.50 

E.F. ~OS(calculated)/condJ 

E.F. eOS(evdpontcd)lcond.] 

I Anlons @=x/L 

L Cations -q/L 

Control rrlue mq/L 

Reqen 2 
effluent 

a 

34 400 

34 300 

0 

1 340 

537 

9 940 

743 

0.4 

40.5 

26 

104 

0 

- 

6 290 

15 500 

90 

0 

0 

568.0 

562.0 

+0.67 

Reqen 3 
Tnfluent Effluent 

7.5 

40 000 

39 800 

4 920 

15 

380 

287 

13 300 

1 210 

0.28 

0.12 

3.3 

76.3 

0 

- 

9 340 

16 2M) 

63 

0 

1.0 

8.3 

8.1 

652.0 

651.5 

40.05 

40 400 

39 700 

40 

1 320 

537 

12 100 

1 020 

0.6 

co.4 

26 

0 

0 

- 

0 930 

16 400 

0 

0 

0 

641.5 

664.0 

-1.63 

Rinse. 
service 
lnfluent 

S?rvlcc 
effluent 

7.7 7.9 

8 740 0 060 

8 660 8 690 

81 260 1 240 

15 19 

440 75.0 

140 85.4 

2 390 2 860 

205 293 

0 0.06 

<0.05 <a.05 

6.3 1.8 

46.2 47.6 

0 0 

2 040 1 980 

3 480 3 520 

40 39 

0 0 

1.4 1.3 

6.9 7.1 

6.9 7.0 

141.2 141.2 

142.8 142.8 

-0.70 -0.70 

"Due to an insufficient volume of individual samples to make a Regen 2 composite, 
only the sample collected at the halfway point of Regen 2 was used for the composite. 

54 



-nnc 
P’WCFSS 
STOF4r.q 

n.00 49.9il 29.14 7k.n* 172.25 
1 .G? lC1.76 7n.29 192.04 327.1n 
3.53 1zn.76 59.30 1cn.r5 351 .IJ? 

I’iFLllElJT s.sn 51.90 so.21 
EFFLIIE~JT~ 

1 0 3 . 1 n 44P.112 

EFF[~JF~IT~ 
IO.47 hh.Q7 44.20 iii.nr 43F.36 
17.93 54.na 44.23 107.11 431 .:I+! 

Ifi!FLl.lFNT 1n.49 lR.\ih 27.62 r;r,5n r;7i.-J1 
FFFLIJF’IT= zn.n5 T>.PS 57.25 
E CFLIlE”17= 

177.10 OCl.$% 
??.lh hl.Pti rn.15 

EFFLIJF*.JT= 
lOi. 531.47 

FFFL I IEMT’I 
24.28 41.92 32.1n 7b.bl 534.3h 
Ph.51 IO.Qfl 43.21 114.07 5n4.57 

k FFLI’FYT 0. no 2’3.44 I?4.1? 52.56 5h5.40 
F.FFLIIEVT .73 7.w A.53 14.51 ?c;4.112 
FFFLIiF~‘lT 1.46 7.EI) 2.01 4.50 133.97 
FFFI-IIFNT 1.46 %.TO P.01 4.911 13.7.54 
Ih!FL(!WT 3.45, ?0.71 I?.117 33.73 10 1.30 
EFFLIIE’JT b.40 1.06 1.00 2.(!0 13n.49 
It:FLIIFLT 2n.93 20.71 Il.03 31.74 1 n3.52 
FFFL!IFMT ??.3P I.50 1.26 2.75 i3n.115 
FFFLllFbrT 33.13 Z.-J l’l.04 13.h l?r).!,5 
EFFLIIEFIT 3R.66 .I.09 17.36 25.7=. Ill9.hl 
I’IFLIJF”JT 44.63 20.46 ll.n3 31.4= 104.39 
EFFLII~JT 45.63 12.?3 lP.11 3c.33 ll\h.lh 

MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

CYCLE L.02.12 

%ample was diluted in the field (l/10). Values reflect undiluted concentrations. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.02.12 

TIMF-HEIGHTED 
AvF.FtlGr: CO~iCF~:T:?ATIW’lS~ :dEO/L PFI-‘OV4L P.ESIN CAPACTTY RESIN CAP4CITY 

IP!FLIIFI.!T FFFLIJFP!T DIFFERENCE 9l M/L #NEQ/L l wtr 

3 n . t. 7 3 ..4 n 17.21 83 .7hl aH-z.4co 
1’1 .7b 6.54 4.F2 42 .213 .-l+ ObL3 

-1 .‘C 9.94 22.P4 69 .974 * Y#O? 
ln3.&L- 127.73 -19.77 
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MAJOR CATION CONCENTRRTIONS 
OF IX REGENERATION EFFLUENT 
CYCLE L.02.12 

0 Calcium Avg. influent 

0 Magnesium 
concentrations, meq/L 

A Total Hardness Ca+t * * 
0 Sodium Mg++ 5o:z 23:6 

TH 102 
Nat 

42.6 
448 579 

lfluent 
-:--- meq/L 
m&g 
. . 

1.2 23.6 
III I"2 
Nat 

42.6 
448 579 

7 1Y 21 
BED VOLUMES 

28 0 

MAJOR CATION CONCENTRflTIONS OF 
IX RINSE AND SERVICE EFFLUENTS 
CYCLE L.02.12 

6 t 

0 Calcium Avg. influent 

254 
o Magnesium concentrations, meq/L 
A Total Hardness Catt 20.6 
0 Sodium Mg++ 11.4 

TH 32.0 
Nat 113 < 

12 2Y 36 
BED VOLUMES 

48 

SODIUM INAl, CALCIUM [CR], AND MAGNESIUM [MGI CONCENTRATIONS ARE MEASURED BY ATOMIC RBSORPTION. 
[OTRL HARDNESS [THI IS CALCULATED BY SUMMING TIIE CflLCILJM RN0 MAGNESIUM CONCENTRATIONS. 



Ion-Exchange - Run L.03.00 

Date: 2/14/80 

Cycle: L.03.35 

Conditions: Feedwater - LaVerkin Springs 
Regenerants - fresh ED Brine 

- - lime-softened, pretreated 

Source of backwash - IX feedwater 

MODF IFIPUT 

AACKW~SH FEED 

I-JPAIN 1 (VENT) 

PEGEN 3 FR RECEN 

PINSE FFED 

SERVICE FEED 

DRAIN 2 (VENT) 

Control variables: Fresh regeneration cont. (mg/L TDS-talc.) 
Target /.;tu.ua; 

- 
Fresh regeneration cont. (mg/L TDS-evap.) 

1210 
39 400 

Fresh regeneration flow rate (L/min) 11.9 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Service termination point (meq/L Cat+) 12.0 14.2 
Heat exchanger Yes Yes 
Packed bed regeneration mode used Yes Yes 

(i.e., resin hold-down) 

Standard resin bed: Heighta= 1 360 mn 
Volume = 115.0 L 

Chemical Compositions of Tank Waters (Prior to Cycle) L.03.35 

PH Conductivity Cat+ h++ TH 
Tank units mS/m meq/L meq/L meq/L 

Recycle regenerant (T-5) - m 

Spent regenerant (~-6) 7.2 4 500 12.4 89.0 101.4 

Lime-softened feed (T-9) 7.2 1 300 19.8 9.8 29.6 

Lime-softened feed (T-10) 7.2 1 300 20.0 9.8 29.8 

Fresh ED brine (T-28) 6.6 5 150 15.8 19.0 34.8 

IX product/ED feed (T-33) 6.4 1 400 3.8 4.2 8.0 

Lime-softened feed (clearwell) 7.1 1300 20.0 10.6 30.6 

47he resin bed height at the end of regeneration with fresh regenerant was used as 
the standard resin height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.03.35 

DllRBT I ON THl?O\lGHP\JT VOLIJPF 

OlJTPllT MIN L HV 

YASTF: 10 243 2.11 

WASTE 3 hi! .54 

SP RFCEN 7s R96 7.79 

WASTE 10 150 1.30 

PRODIICT 153 4590 39.9 

WASTE 41 .36 

57 

AvcI FLOW PATE 
L/MIN HV/MIN 

24.3 .?I 1 

2a.7 .1nn 

11.9 .In4 

15.0 .1m 

30.0 .?61 

20.7 .lRO 

QED 
EXoAEISIrltJ TEMPEQATURE 

tl C 

36. 35.9 

0.0 

0.0 25.9 

0.0 

0.0 

0.0 



Fresh Regenerant Volume Balance 

Cycle L.03.35 

Run L.03.00 
Cycle no. 

06 
23 

2 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Fresh Fresh 
regenerant renenerant 
volume (Vj) TOS 

Pate L w/L 
2/7/80 754 
2/11/80 748 41 200 

z;: ;::: 803 762 
2/12/80 747 
2/13/80 751 
2/13/80 743 
2/13/80 890 m 
2/13/80 895 
2/13/80 902 
2/13/80 896 
2/14/80 897 
2/14/80 896 

Service 
volume (V,) 

4 360 
4 270 
4 600 
4 090 
4 400 
4 270 
4 480 
4 290 
4 560 
4 520 
4 730 
4 720 
4 590 

ED feed 
TOS 

SR w/L - 

86 
8 780 80 

t8 
- 80 

80 
80 
80 
80 
80 
80 
80 
80 

V3/(1-R)V% 

0.86 
0.88 
0.87 
0.93 
0.85 
0.88 
0.83 
1.04 
0.98 
1.00 
0.95 
0.95 
0.98 

Influent and Effluent Compositions during IX Regeneration and Service - Cycle L.03.35 - 
(All samples composites except regeneration influent) 

(Analyzed at Boulder City on 3/27/80) 

PH ml ts 

TOS (cJlculJtcd) @&l/L 

705 (cworJtcd P 160°C) w/L 

conductivity 9 250c e/m 

SftiCJ W/L 

CJlcim WL 

kgmrlu IOIL 

SodlU W/L 

btJSSiW3 ML 

hn. tOtJ1 W/L 

hI9JIWSJ. tOtJ1 MJlL 

Strontium rig/L 

6iCJrbOnJte W. 

CJrbOnJte W. 

llydror\dJ W/L 

kl fJte WL 

Chlorida V/L 

t-JlkJlinity JI CJCO, ML 

bJlkJllnlty JS CICO, aOIL 

l-phosphorus JI PO,, W/L 

E.F. [IOS(cJlculrted)/condJ 

E.F. ~OS(JvJporJtcd)/condJ 

t Anions oeQ/L 

L CJtrOnS m/L 

CJntrol vrlue acUL 

Rcgcneration 
inr1ucnt 

1.4 

40 300 

39 400 

4 890 

14 

360 

268 

13 200 

958 

0.37 

0.15 

7.0 

80.5 

0 

9 loo 

16 3W 

73 

0 

2.2 

6.2 

6.1 

649 .O 

636.5 

l 1.03 

Regeneration 
effluent 

.a 

40 200 

39 200 

- 

0 

2 260 

610 

10 600 

162 

0.40 

CO.5 

32 

169 

0 

- 

9 700 

16 100 

160 

0 

2.0 

657.6 

644.0 

t1.34 

Rinse 6 
scrvicc 
lnflucnt 

7.6 8.0 

8 670 e 610 

8 610 8 630 

1 260 1 310 

16 16 

410 1w 

137 76.3 

2 370 2 780 

205 264 

0.08 0.07 

0.05 0.05 

6.6 2.0 

39.7 52.5 

0 0 

1960 2wo 

3 540 3 540 

33 43 

0 0 

0.7 0.7 

6.9 6.7 

6.6 6.6 

141.0 142.3 

140.0 139.0 

a44 l 1.43 

scrvtcc 
rfflucnt 
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

CYCLE L.03.35 

MOOF 
PROCESS 
STREAM 

RACU!JASH EFFLIJENT 
RACK~ASH EFFLUENT 
RFGFN 3 EFFLUE~JTU 
WFREN 3 TNFLUFNT 
QFGEN 3 EFFLIJFFIT~ 
PFGEN 3 EFFLIIFPIT~ 
PFGEN 3 EFFLUENT” 
REGEN 3 EFFLUENTS 
RINSE EFFLIJEP!T 
RINSE EFFcIJE~JT 
PIYSF EFFLIJENT 
SFWVICF EFFLIIF~T 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICF 
SEPVICF 
SEPVICE 
SERV I CF 

INFLIJF~IT 
EFFLUENT 
I~JFLUENT 
EFFLUENT 
EFFLIJENT 
EFFL!JENT 
INFLUENT 
EFFLUENT 

THRDIJCHPUT CP HG 
RV *EWL HFWL 

n.nll 20.71 12.84 33.55 
1.27 19.71 12.84 32.5s 
2.11 20.76 12.84 33.hr) 
3.15 17.96 22.06 4d.w 
4.Ob 1SH.W 72.26 230.95 
6.05 106.79 42.14 148.93 
A.01 7R.R4 30.12 108.97 
9.87 57.w 28.15 86.03 
n.oo 24.45 15.06 39.51 

.hS 20.46 14.07 34.53 
1.30 2.74 2.01 4.75 
1.30 2.74 2.01 4.75 
3.91 21.71 10.78 31.49 
6.52 2.74 1.26 4.00 

20.35 22.21 10.78 32.99 
21.65 2.99 1.26 4.2s 
31 .R3 5.99 10.53 16.52 
37.04 .10.73 17.86 28.59 
41.22 72.31 11.52 33.73 
41.22 14.22 17.66 32.08 

TH 
MD/L 

NA 
WED/L 

106.13 
103.69 
105.70 
574.16 
ma.17 
478.47 
S17.62 
SJQ.3b 
ERQ.Zb 

3no.17 
14n.50 
137.45 
106.13 
131.36 
lOl.O’, 
136.06 
118.75 
107.00 
10S.26 
105.76 

"sl amp e was diluted in the field (l/10). Values reflect undiluted concentrations. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.03.35 

TIW-*dEICHTFD 
AVERAGE CDMCFNTRATIDNSI YEQ/L PEWVAL RESIN CAPACITY RESIN CAPACITY 

INFLUFNT EFFLUENT DIFFEPENCE 9: EO/L WC W/L Q DWIW 

CA 23.04 4.99 17.05 
YG 11.03 5.92 5.11 
TH 33.n7 10.91 22.14 
NA 104.83 124.68 -19.86 

77 .h,Hl 
4h .204 
67 . RR5 
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MAJOR CATION CONCENTRFlTIONS 
OF IX REGENERATION EFFLUENT 
CYCLE L.03.35 

0 Calcium Avg. influent 

0 Magnesium 
concentrations, meq/L 

A Total Hardness Ca++ 
Reg 
18.0 

0 Sodium Mg++ 22.1 
TH 40.0 

0 Na+ 574 

MRJOR CRTION CONCENTRRTIONS OF 
IX RINSE AND SERVICE EFFLUENTS 
CYCLE L.03.35 

380 0 Calcium 
9 0 Magnesium 

A Total Hardness 
0 Sodium 

Avg. influent 
concentrations, meq/L 

Ca++ 22.0 
Mg++ 11.0 
TH. 33.1 
Nat 105 

0 3 6 9 12 0 11 22 33 YY 
BED VOLUMES BED VOLUMES 

SODIUM [NAI, CALCIUM ICRIJ AND MRGNESIUM (MGI CONCENTRATIONS ARE MEASURED BY ATOMIC ABSORPTION. 
TOTAL HARDNESS LTHI IS CflLCULATED BY SUMMING THE CALCIUM RND MAGNESIUM CONCENTRRTIONS. 



Ion-Exchange - Run L.04.00 

Date: 2/17/80 

Cycle: L.04.11 

Conditions: Feedwater - LaVerkin Springs 
Regenerants - 

- - lime-softened, pretreated 
recycled regenerant and fresh ED brine 

QFGEV 1 QE WEWN 

04AlN 1 (VENT) 

RFGEN 3 RE REGFN 

REC=EN 3 FP REGFN 

RIWX FFED 

SERVICE FEED 

DRAIN 2 (VENT1 

Control variables: Fresh regeneration cont. (mg/L TDS-ca.1.c.) 
Target 

- 
Fresh regeneration cont. (mg/L TDS-evap.) 
Fresh regeneration flow rate (L/min) 1210 
Recycled regenerant flow rate (L/min) 24.0 
Recycled regenerant volume (L) 1 600 
Service termination point (meq/L Cat+) 
Heat exchanger used 
Packed bed regeneration mode used 

(i.e.., resin hold-down) 
Yes 

Actual 
40 100 
39 800 
12.0 
24.1 
1 573 
13.8 
Yes 
Yes 

Standard resin bed: Height% 1 310mm 
Volume = 115.0 L 

Chemical Compositions of Tank Waters (Prior to Cycle) L.04.11 

Tank 

Recycle reyenerant (T-S) 

Spent regenerant (~-6) 

Lime-softened feed (T-g) 

Lime-softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

"Lime-softened feed (clearwell) 

PH 
units 

7.7 

7.6 

7.2 

7.3 

6.5 

6.4 

7.2 

Conductivity 
mS/m 

4 600 

4 700 

1 300 

1 300 

5 150 

1 350 

1 300 

Cat+ 
meq/L 

47.2 37.6 

11.0 75.8 

21.0 8.8 

20.6 9.6 

16.0 24.2 

3.2 8.6 

21.0 8.8 

TH 
& 

84.8 

86.8 

29.8 

30.2 

40.2 

11.8 

29.8 
-The resin bed height at the end of drain-down after the service mode was used as 

the standard resin height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.04.11 

DIJRATIOY TWOUWPUT VOLUME 
OUTPIJT M I N L HV 

WASTE 10 749 2.17 

WASTF 2 41 .36 

SP AFGEIJ be, 1573 13.60 

SP RFGEw 92 1101) 9.57 

HASTF 10 150 1.30 

PRODUCT 189 5470 49.3 

WAS.TE 2 41 .36 

370 
61 

RFr) 
AvG FLOW RIITF FXPPNSln?J TE!4PFR4TURE 
L/NIL' '+V/MIN s C 

24.0 .217 39. Zb.0 

3n.7 .lPO n.n 

20.2 .?I0 1. 25.8 

12.0 .lOb .9 25.5 

1s.n .i3n 6.0 

30.0 .261 n.0 

20.7 .lRO 0.0 



Fresh Regenerant Volume Balance 

Cycle L.04.11 

Fresh Fresh 
regenerant regenerant Service 

Run L.04.00 
ED feed 

TDS TDS 
Cycle no. I)ate 

volume (VA) 
1 w/L "O'";le (vs) w/L & VJ(l-R)V% 

06 2/15/80 1 170 - 5 540 86 1.06 

07 2/16/80 1 170 5 430 80 1.08 

08 2/16/80 1 176 5 480 80 1.07 
09 2/16/80 1 107 - 5 440 80 1.02 

10 2/17/80 1 100 - 5 810 80 0.95 
11 2/17/80 1 100 5 670 80 0.97 

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.04.11 
(All samples composites except reqenerations influent) 

(Analyzed at Boulder Ciiy on 3/28/80) 

PH units 
TDS (C~lculatcd) W/L 

TDs bWoratcd 9 180°C) nq/L 

Conductlvlty P 25% 

SilkA 

CllClWS 

kgnesiu 

sodium 

Potasriu 

Iron, total 

+wlcsc. tot41 

strontium 

9icarbomt.e 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

T-alkalinity as C&O, 

P-rlkalinity as C&O, 

T-phosphorus as PO,, 

E.F. fios(ulculr~ed)/condJ 

2~. hOS(cvrporrted)/condJ 

L Anions WA 

t CAtions aecl/L 

Control rrlw ncWL 

RI-gcn 1.2 
Influcnt 

Reqm 1 
effluent 

36 300 

35 100 

27 900 

27 600 

w 

so 

1160 

537 

10 900 

860 

0.40 

eo.40 

26 

122 

0 

- 

7 100 

15 600 

100 

0 

0 

40 

2 140 

744 

6 510 

469 

0.40 

co.50 

29 

98 

0 

S 620 

12 300 

80 

0 

0.1 

588.7 465.6 

59R.O 463.0 

-1.01 tO.36 

7.1 

40 100 

39 EM) 

4 920 

18 

350 

317 

13 200 

1060 

0.32 

0.09 

5 

97 

0 

- 

9 190 

1s 900 

80 

0 

2.7 

8.2 

8.1 

641.0 

645.5 

-0.45 

40 loo 

38 9w 

- 

40 

12w 

512 

11 900 

938 

0.40 

-co.50 

22 

134 

0 

- 

9 700 

15 7w 

110 

0 

0.1 

647.3 

644.0 

a33 

Rflw! 1 
SewiCe 
lnfluent 

7.7 

8 410 

8 470 

1 230 

14 

405 

12s 

2 270 

205 

0.06 

eo.05 

5.8 

42.7 

0 

1 990 

3 370 

35 

0 

1.0 

6.8 

6.9 

137.0 

134.3 

l 1.21 

7.6 

1s 400 

IS 400 

2 190 

15 

205 

79.3 

4 950 

401 

0.10 

co.05 

3.3 

57.3 

0 

- 

3 640 

6 070 

47 

0 

1.9 

7.0 

7.0 

247.6 

242.0 

+1.42 

7.9 

8 640 

8 SW 

1 290 

IS 

60 

91.s 

2 740 

254 

0.05 

co.05 

1.3 

47.6 

0 

1 990 

3 460 

39 

0 

1.5 

6.7 

6.6 

139.7 

136.0 

+1.63 
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

PRrlCF:SS 
STQEAf-! 

FFFLI JFNT’ 
EFFL@t’Ta 
EFFLUENTa 
IVFLUEQT 
EF FLllEYTa 
EFFLUENT” 
I NFL?IENT 
EFFLUENT= 
EFFLUFYTa 
EFFLIJENTa 
EFFLIJFINT” 
EFFLUENT 
EFFLIJENT 
EFFLUFYT 
EFFLllENT 
I NFLUENT 
EFFLIlF.MT 
1 NFLlIEFJT 
EFFLIJFYT 
EFFLIJEwT 
FFFLuFNT 
EFFLIJEMT 
INFLUE’JT 
EFFLUENT 

CYCLE L.04. 

THWIIGHPUT CA 
RV MEOIL 

0.00 77.RS 
1.30 134.73 
2.17 171.76 
8.69 s7.m 

12.m 71.R6 
15.P4 63.H7 
17.10 17.47 
18.24 7S.R5 
2O.64 63.R7 
23.04 s5.nv 
2S.4k 45.91 

0.00 19.46 
.hS 9.23 

1.3n 2.50 
1.30 7.7-l-l 
4.43 27.91 
7.30 ?.cIO 

23.48 21.71 
24.78 2.w 
36.5;! 3.74 
42.52 7.49 
4P.52 12.23 
50.61 k?l.% 
50.61 13.72 

11 

MG 
YEO/L 

TH 
HFiJ/I. 

43.21 l1h.w 
75.31 2lo.w 
71 .i?R i93.n3 
44.?0 102.09 
44.m 116.05 
49.23 ii2.in 
26.09 43.56 
54.24 130.09 
40.16 104.04 
34.16 90.04 
30.12 76.n.7 
12.26 31.7% 
10.29 19.57 

?.>6 4.76 
2.26 4.7h 

11.76 33.&M 
2.01 4.56 

11.28 
2.91 

;;$b 
19.59 
11.77 
19.11 

32.9P 
s.on 

15.76 
2p.d 
3l.Ql 
33.73 
31.x3 

N4 
MO/L 

217.97 
341 .O% 
339. ?A 
47A. l?. 
461.07 
465.42 
574.16 

513.77 
53s. 02 
ciG’i.46 
f;=.h. 7h 
ion.% 
351.46 
137.45 
l?a. 76 
1n4.39 
131.36 
103.52 
130.+3 
120.05 
ln7.H7 
lO4.M 
102.22 
ins.70 

'sample was diluted in the field (l/10). 
bQuestionable chemical analysis result. 

Values reflect undiluted concentrations. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.04.11 

TIMF-wfEIG’+TED 
AVERAGE CWCE~~TRATIOWI MEQ/L PFMOVAL RESIN CAP4CITY WSTN CPP4ClTY 

INFLUENT EFFLUFNT DIFFEQENCE u EO/L t&En/L * tibt 

CA 21.96 h.51 17.45 79 .wn &H-%*3= 
lv’G 11.44 7.9fl 3.48 3n .I72 H B.YP 

TW 33.40 12.47 20.93 63 l.n32 
Nb 103.3P 124.07 -2n .69 

= 2.74 
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MAJOR CATION CONCENTRATIONS 
OF IX REGENERATION EFFLUENT 
CYCLE L.OU, 11 

MAJOR CATION CONCENTRflTIONS OF 
IX RINSE AND SERVICE EFFLUENT& 
CYCL .E L "OY.ll 

Calcium 
Magnesium 
Total Hardnes 
Sodium 

0 Calcium Avg. influent 
C) Magnesium concentrations, meq/L 

A Total Hardness 

Avg. influent 
concentrations, meq/L 

Ca++ 22.0 
Mg++ 11.4 
TH 33.4 

cl 

0 

A 
6 

S 

o Sodium Mg++ 44.2 26.1 
TH 102 
Na+ 

43.6 
474 574 

Na+ 103 

A 7 u-4 21 28 0 13 26 39 52 

Reg 1 

BED VOLUMES BED VOLUMES 
SODIUM [Nfll, CFJLCIUM (CAI, RN0 MAGNESIUM IMGI CONCENTRATIONS ARE MEASURED BY RTOMIC ABSORPTION. 
'I-OTflL HRRDNESS (Tt-11 IS CALCULATEII BY SUMMING THE CRLCIUM AND 'MAGNESIUM CONCENTRATIONS. 



Ion-Exchange - Run L.05.00 

HbCK’JbSH 

nQAI’J 1 

RCGFN 3 

fl)PALIN ? 

*I NSF. 

SFWVItE 

DPAIh 3 

FEEI? 

(VEtIT) 

FR REGEN 

(vEMT) 

FFF.0 

FEED 

(vEYT) 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

z/28/80 

L-05.54 

Feedwater - LaVerkin Springs - - 
Regenerants - fresh ED brine 

lime-softened, pretreated 

Source of backwash - IX feedwater 

Fresh regeneration cont. (mg/L TDS-talc.) 
Target 
- 

Fresh regeneration cont. (mg/L TDS-evap.) - 
Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 

24.0 
None 

Recycled regenerant volume (L) 
Service termination point (meq/L Cat+) 
Heat exchanger used 
Packed bed regeneration mode used 

(i.e., resin hold-down) 

Height'= 1 445mm 
Volume = 115.0 L 

None 

kX 
No 

Actual 

92 000 
26.0 
None 
None 
7.8 
Yes 
No 

Chemical Cqmsitions of Tank Waters (Prior to Cycle) ~.05.54 

Tank 

Recycle regenerant (T-5) 

PH 
units 

Conductivity Cat+ 
mS/m 

big++ TH 
meq/L meq/L meq/L 

Spent regenerant (~-6) 7.2 7 150 63.0 94.0 157.0 

Lime-softened feed (T-9) 7.2 1 400 23.2 8.0 31.2 

Lime-softened feed (T-10) 7.3 1 400 21.0 9.8 30.8 

Fresh ED brine (T-28) 6.5 9 700 24.8 28.8 53.6 

IX product/ED feed (T-33) 6.5 1 410 3.6 3.6 7.2 

Lime-softened feed (clear-well) 7.8 1 400 21.4 9.8 31.2 
yhe resin bed height at the end of drain-down after regeneration with fresh ED 

brine was used as the standard resin bed height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.05.54 

I~l.JHATION THROIJGHPUT VOLW!F 

OUTPIJT MIN L HV 

UASTF 10 740 2.09 

UASTcl 3 67 .54 

SP RFGEN H mn 1.74 

WASTE 2 41 .36 

!JASTF 20 300 2.61 

PROI-IIICT 73 ?190 19.0 

WASTE 2 41 .36 

x- 
65 

p4.n .mQ 

30.7 .1nn 

2fi.n .77/r 

20.7 .lpn 

1qi.n .i3n 

3n.n .?I51 

20.7 .1Rn 

UFn 
FXPAlr!S~OY TEqPER4TURE 

PI C 

?a. 36.6 

0.0 

3n. 26.H 

n.n 

0.n 

n.n 

0.0 



Fresh Regenerant Volume Balance 

Cycle L.05.54 

Run L.05.00 
Cycle no. 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Jk& 

2/25/80 
2/25/80 
2/26/80 
2J26JaO 
2/26/80 
2/26/80 
2/26/80 
2/26/80 
2/26/80 
2/26/80 
2/27/80 
2/27/80 
2/27/ao 
2/27/80 
2/27/80 
2/27/ao 
2/27/80 
2/28/80 
2/2a/so 
2128180 
2/2a/so 
2/2a/so 

Fresh Fresh 
regenerant regenerant 
Volume (Vg) TOS 

L m9JL 

600 100 a20 
597 100 a20 
600 
600 - 
350 
359 
359 
353 
350 
350 
350 
350 
240 
241 
239 
236 
234 
202 
205 
199 
199 
200 

Service 
volume (Vs) 

ED feed 
TDS 
mgJL A V3/(1-R)Vx 

3 a40 9 290 90 1.56 
3 420 9 290 90 1.75 
3 970 90 1.51 
3 430 90 1.75 
2 940 90 1.19 
3 780 90 0.95 
2 910 90 1.23 
2 740 90 1.29 
2 790 90 1.25 
2 570 90 1.36 
2 570 90 1.36 
2 560 - 90 1.37 
2 430 90 0.99 
2 250 90 1.07 
2 200 90 1.09 
2 160 90 1.09 
2 300 90 1.02 
2 100 90 0.96 
2 140 90 0.96 
1 920 90 1.04 
1 920 90 1.04 
2 190 90 0.91 

Influent and Effluent Compositions during IX Regeneration and Service - Cycle L.05.54 
(All samples composites except regeneration influent) 

(Analyzed at Boulder City on 3/28/80) 

PH units 7.3 w 

TM (calculated) w/L 94 900 51 100 

TOS (evaporated P MOT) mg/L 92 wo 53 200 

Conductivity e 25% d/r 9240 - 

Sfllcr 1911 2s 0 

C4lCjU 4/L 490 3900 

kgncsim agiL 366 1 190 

sodhnl rig/L 30 600 12 900 

Potrss1u W/L 1 a60 1080 

Iron, total q/L 0.68 0.60 

knganesc. tot41 WA 0.21 CO.05 

strontium W/L 6.3 50 

aLsrr00natc WL 82.4 91 

Cdrbon4te Cl/L 0 0 

Hydroxide @l/L 
- 

Sulfate V/L 25 600 13 200 

Chloride W/L 35 900 21 300 

l-4lkllInity 4s C&O, WL 68 a0 

P-rlk4linity 4s CaCO, W/L 0 0 

T-phosphwus as PO, W/L 1.2 1.0 

2-F. [TOS(c.lculrted)/~ondj 10.2 - 

E.F. ~OS(cvrporrted)/condJ 9.9 - 

I bnurlons -2/L 1 481.0 a57.2 

I Cations W/L 1 431.0 aa2.5 66 

Control r41uc WQ/L l 1 .99 -1.89 

7.8 ?.5 

0 560 a 6LIO 

a 550 0660 

1260 1 320 

13 14 

420 80.0 

131 39.7 

2 390 2 920 

21s 244 

0.05 0.07 

~0.05 -=o.os 

6.5 1.0 

43.3 43.3 

0 0 

1 940 1 940 

3 440 3 430 

36 36 

0 0 

0.8 0.9 

6.8 6.6 

a.a 6.6 

138.2 137.8 

141.3 140.5 

l l.?b -1.20 

service 
effluent 



MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

CYCLE L.05.54 

PPl3CESS THPOUWPUT CA sMt; TH FI 4 
STPFIAH i bV GO/L MFO/L YEO/L r~Fn/L 

QACKWASH F FFLll!?JT n.no 
~ACKMASH FFFLIIFNT l.iA 
PFGELI 3 EFFLIJFNTU z.n9 
PEGFN 3 XWLIIEYT 2.31 
RFGFId 3 EFFLIIFhlfl 2.53 
UFGFN 3 EFFLilENT4 7.7'; 
PEI;F’.: 3 EFFCIIOJT~ 2.4R 
PFWN 3 EFFLIJE~~P 3.67 
RINSE EFFLIIFVT il.00 
PTNSE FFFLIIFNT 1 .-31) 
4 INSF EFFLUENT %.bl 
SEWICF EFFLIIE~.IT 2.61 
ZFQVI CE I~!FLIIEFIT H.119 
SERVICE EFFLUENT 9.13 
<FRVIC’= IhlFLllENT 10.17 
5FQWlCE EFFLUEYT 11.22 
SEPVICE EFFLIJE?IT 15.65 
SERVICF EFFLIlFMT 17.74 
SEPVICF: FFFLIIENT 19.ti3 
SEQVJCE I?JFLIIE”IT 21.6‘~ 
SERVICE EFFLIIFNT 21.65 

27.45 
lH.71 

14?.7% 
74.45 

197.11 
7hl.9P 
314.37 
15’>. 18 

3Q.92 
2n .'>r, 

4.14 
4.74 

72.21 
2.75 

22.75 
4.74 
2.50 3.01 
2.sn 3.77 
5.74 3.77 

21.96 10.7* 
7.73 8.56 

16.79 
12.02 
77.Ph 
30.12 

1on.41 
lF45.93 
12n.40 

77.65 
83.13 
l?.S9 

3.01 
3.01 

in.78 
2.51 

11.2d 
2.77 

44.24 
30.73 

320.nM 
54.57 

747.53 
3u7.90 
442.77 
740.04 
123.m 

33.55 
7.74 
7.75 

32.99 
4.7h 

33.&H 
7.51 
5.51 
6.26 
9.51 

32.74 
16.29 

133.97 
llh.Sf 
4n4.39 

1331.01 
535.02 
6X9.41 
A13.40 
73Q.45 

1135.2n 
771.42 
134.e* 
134.41 
107.27 
127.ti8 
in1 .35 
i7h. 14 
12.7.k@7 
122.23 
11H.75 
100.4P 
117.01 

%ample was diluted in the field (l/10). Values reflect undiluted concentratiuns. 
bInconsistent, apparently erroneous chemical analyses, deleted from calculation. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.05.54 

TTH~-‘JF:TtWTEl-l 
AVERAGE CONCFNTRATIONSI Ent’O/L RFWVAL RtSIN CAPACITY RESIN CAPACITY 

INFLUEtGT EFFLUFIJT OIFFERENCE % EO/L W.FQ/L ’ Wk 

CA 72.12 3.38 18.74 85 .341 a+- ;2@W 
t.' G 10.95 3.2P 7.66 70 .146 * /.ZY 
TH 33. n7 6.67 25.58 77 .487 * 'y;/3 
MA 101.35 125.95 -24.60 
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MAJOR CATION CONCENTRflTIONS 
OF IX REGENERflTION EFFLUENT 
CYCLE L.05.54 

0 Calcium 
0 Magnesium 
A Total Hardness 
0 Sodium 

BW 

Avg. influent 
concentrations, meq/L 

Ca++ 
Mg++ 
TH 
Na+ 

Reg 
24.4 
30.1 
54.6 

1331 

P 
+ 

/ 
Reg -I 

. 

0 1 
BED 

2 
VOLUMES 

3 Y 0 6 12 18 
SE0 VOLUMES 

SODIUM INA), CflLCIUM ICflI, RN0 MAGNESIUM (MCI CONCENTRATIONS ARE MEQSURED BY ATOMIC ABSORPTION. 
TOTAL HARDNESS LTtll IS CALCULflTED BY SUMMING THE CRLCIUM FlND MFIGNESIUM CONCENTRflTIONS. 

MflJOR CflTION CONCENTRRTIONS OF 
IX RINSE flND SERVICE EFFLUENTS 
CYCLE L.05.94 

0 Calcium Avg. influent 
~Magnesium concentrations, me / 

ATotal Hardness kg:+' 22.1 
OSodium 4 11.0 

ii:+ 33.0 
101 

i 

ro 



Ion-Exchange - Run L.10.00 

MOPE I~JPUT OUTPlJT 
DUR4TION THROUGHPtlT VOLlJt.IE PVG FLO~J PATE 

M I N L HV L/kIEI HV/I*IN 

RFGEN 1 PE REGEN WASTF 10 250 2.17 25.0 .217 

QFGEN 2 PE HEGEN SP HFGEIU 69 1594 13.4 23.1 .201 

REGEN 3 FR REGEY SP HFREN 22 522 4.54 23.6 .205 

DQAIN 1 (VENT) WASTE 3 62 .54 20.7 .180 

QIVSE FEED ViASTE 15 220 1.91 14.7 .l?A 

SEPVICE FEED PRODllCT lR7 5610 44.8 30.0 .261 

DQAIN 2 (VENT) WASTF 2 41 .36 20.7 .180 

Date: 3/8/80 

Cycl e : L.10.14 

Conditions: Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - recycled regenerant and fresh ED brine 

Control variables: Fresh regeneration cont. (mg/L TDS-talc.) 
Actual Target 

- ¶-D?m'- 
Fresh regeneration cont. (mg/L TDS-evap.) 
Fresh regeneration flow rate (L/min) 24.0 

93 400 
23.7 

Recycled regenerant flow rate (L/min) 
Recycled regenerant volume (L) 
Service termination point (meq/L Ca++) 
Heat exchanger used 
Packed bed regeneration mode used 

24.0 23.2 
1 600 1 594 

E t,: 
No No 

Standard resin bed: Height?= 
Volume = 

(i.e., resin hold-down) 

1 320 nun 
115.0 L 

Chemical Compositions Of Tank Waters (Prior to Cycle) L.10.14 

Tank 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime-softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

Lime-softened feed (clearwell) 

PH 
units 

7.6 

7.5 

7.3 

7.4 

6.5 

6.0 

7.4 

Conductivity 
mS/m 

8 100 

8 210 

1 250 

1 290 

9 910 

1 250 

++ 
i:q/L 

45.0 

44.0 

21.6 

23.8 

23.2 

1.3 

1 220 21.0 

Mg++ 
meq/L 

93.0 

91.0 

8.2 

9.2 

29.6 

2.5 

9.4 

TH 
me_q/L 

138.0 

135.0 

29.8 

33.0 

52.8 

3.8 

30.4 
9he resin bed height at the end of drain-down after regeneration with fresh 

regenerant was used as the standard resin bed height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.10.14 

8FD 
FXPANSION TEMPEPATIJWE 

u c 

42. 

42.0 

42. 

0.0 

19.5 

Ph.6 

26.4 

0.0 

0.0 

0.0 



Fresh Regenerant Volume Balance 

Cycle L.10.14 

Run L.10.00 
Cycle no. 

Fresh Fresh 
regencrant regenerant Service ED feed 
Volume (V3) TDS TDS 

Date L w/L volu;le Us) mg/L ! -- - 

02 3/4/80 501 
03 3/4/80 499 
04 3/4/80 504 
05 3/5/80 499 
06 3/5/80 499 
08 3/6/80 602 
09 316180 601 
10 316180 601 
11 3/7/80 599 
12 3/7/80 522 
13 3/8/80 522 
14 3/E/80 522 

5 130 
4 950 
5 190 
5 480 
5 490 
5 550 

w 5 300 
5 560 

- 5 370 
5 670 
5 500 
5 610 

90 0.98 

90 1.01 
90 0.97 
90 0.91 
90 0.91 
90 1.08 
90 1.13 
90 1.08 
90 1.12 
90 0.92 
90 0.95 
90 0.93 

V$(l-R)Vs 

Influent and Effluent Compositions during IX Regenerations and Service - 
(All samples composites except regenerations influent) 

(Analyzed at Boulder City on 3/31/80) 

Vn(ts 

PH units 

TOS (calculated) WL 

?DS (evaporated C 1OOoC) mg/L 

Conductivity @ 25°C 6/m 

Silica WL 

Calciue @W/L 

Magnesium mg/L 

Sodium olg/L 

Potassium nw)lL 

Iron. total WL 

)langanese, total mglL 

Strontium mg/L 

Bicarbonate ngfL 

Carbonate ML 

Hydroxide mg/L 

Sulfate ML 

Chloride WL 

T-alkalinity as CaCOs mg/L 

P-alkalinity as CaCOs q/L 

T-Phosphorus as PO,, mSlL 

L.F. fiDS(calculated)/co"d~ 

E.F. ~OS(evaPorated)/cond.] 

C Anions meoIL 

C Cations wJlL 

Contra1 value 49/L 

Regen 1. 2 Regen 1 
influent effluent 

71 200 52 300 

69 000 52 SW 

40 

11W 

1 200 

22 000 

1 470 

0.7 

-0.5 

30 

134.0 

0 

0 

12 100 

32 300 

110 

0 

0 

- 

40 

3 660 

1 490 

12 500 

930 

0.5 

co.05 

50 

110.0 

0 

0 

9 310 

24 200 

90 

0 

0. 

1 116.0 

1 190.0 

-1.32 

- 

877.5 
674.0 

l 0.26 

Regen 2 
effluent 

. 

69 400 

68 500 

- 

40 

2 150 

1 340 

20 500 

1 370 

0.6 

co.05 

43 

122.0 

0 

0 

11 900 

32 000 

1W 

0 

0 

1 150.0 

1 145.0 

-0.26 

7.2 

94 000 

93 400 

9 460 

20 

330 

549 

32 100 

2 250 

0.68 

0.28 

3.4 

131.0 

0 

0 

:2 600 

:6 100 

107 

0 

0.1 

9.9 

9.9 

1 490.0 

1 514.0 

-1.03 

w 

88 400 

66 600 

40 

1200 

1 070 

28 400 

2 050 

0.4 

-=0.04 

40 

140.0 

0 

0 

20 300 

35 200 

120 

0 

0 

1 411.0 

1 4350 

-o.az 

Rinse 6 
servke 
influent 

SWVlCe 
effluent 

7.6 7.5 

8 670 8 930 

8 550 8 710 

1 240 1 320 

13 13 

435 35.0 

128 58.0 

2 370 2 910 

215 293 

0.06 0.05 

GO.04 eo.04 

3.0 0.4 

47.0 46.4 

0 0 

0 0 

1 970 2 wo 

3 510 3 540 

39 38 

0 0 

0.5 0.6 

7.0 6.8 

6.9 6.6 

140.5 142.2 

140.8 143.0 

-0.13 -0.35 

Cycle L.10.14 
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

CYCLE L.10.14 

PQ0CE SS THROUGHPUT CA HG TH NA 
MODE STREAM YV MEQ/L MEWL kEQ/L MEQ/L 

PERFN 1 EFFLUENP O.llO 144.71 
EFFLUEEITa 

100.41 245. l? 377.56 
RFGEFJ 1 

E F FLtJENT u 
1.30 2?4.S5 145.48 370.23 674.21 

REGEtJ 2 2.17 205.0s) 143.21 348.30 743. HO 
REGEN 2 
RF.GF.N 3 
PEGEN 3 
QE:c,FN 3 
REGFN 3 
9EGF.N 3 
RFGEN 3 
REGEN 3 

I FJFLLWJT 5.6ll 
F.FFLUE’dT= 9.02 
EFFLUENT= 16.06 
INFLUFNT lh.hH 
EFFLUENT” 
EFFLUENT’ 

17.30 
18.33 

EFFLUENT= 
EFFLUENT4 

19.57 
20.60 

54.RY ll-5.35 Ien.? 
79.H4 inz.nci 182.72 
64.87 102.88 167.75 
16.47 45.19 61.65 
34.47 1ns.35 170.22 
59.R8 77.86 137.74 
57.39 72.84 130.22 
47.41 62.HO 110.20 

991.74 
935.19 
55?.5Y 

1396.2b 
1217.Y2 
1265.77 
1300.57 
1365.&A 

RINSE EFFLUENT 0.00 24.95 49.22 74.17 1352.76 
RINSE EFFLUENT 1.02 7.73 12.02 19.75 SOA. 
w I Y s rl EFFLUENT 1.91 
SERVICF EFFLUENT 1.91 
SERVICF I NFLUENT 5.04 
SERVTCE EFFLIJENT 8.17 

1.25 
1.25 

21 .Y6 
.?l 

1.26 2.51 145.2h 
1.51 2.75 142.67 

10.53 32.49 101.35 
1.26 1.47 132.23 

SERVICE XNFLUENT 24.87 21.96 10.53 32.49 in1.76 
SERVICE EffLt~FbiT 26.43 .lY 1.00 1.19 137.01 
SEPV 1 CE EFFLUENT 38.70 1.2s 4.02 5.26 lP4.84 
SERVICE EFFLlJENT 44.70 2.50 16.54 19.04 115.70 
SERVICF. INFLlIENT 50.70 22.46 11.03 33.40 100.91 
SERVICE Eff LuENT 50.70 8.23 21.07 29.30 lb5.26 

'Sample was diluted in the field (l/10). Values reflect undiluted concentrations. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.10.14 

AVERAGE CONCEYTRATIONSI MEG/L 
TIME-kfEIGdTFD 

REMOVAL 
INFLUENT 

RESIh CAPACITY 
EFFLUENT D I FFEREIICE 

RESIN CAPACITY 
% EC/L WEQ/L l rsrtr+ 

CA 27.12 1.24 20.0ti 
cct 10.70 4.91 5.89 
TH 32.P2 6.05 26.77 
NA 101.35 126.19 -24.84 

94 1.019 
55 .PH7 
82 1.306 
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MRJOR CRTION CONCENTRATIONS 
OF IX REGENERQTION EFFLUENT 
CYCLE L,lO,lil 

0 Calcium 
o Magnesium 
A Total hardness 

Sodium 0 

Avg. influent 
concentrations, meq/L 

Ca++ 54.9 16.5 
Mg++ 105 45.2 
TH 160 61.6 
Na+ 992 1396 

Reg 2 t -1 Reg 3 

MRJOR CF?TION CONCENTRRTIONS OF 
IX RINSE AND SERVICE EFFLUENTS 
CYCLE L,lOA Avg. influent 

1353 9 0 Calcium concentrations, meq/ 

0509 
0 

Magnesium Ca++ 
++ 22.1 

ATotal hardness y; 10.7 
0 Sodium 32.8 

Na+ 101 

74.2 
49.2 

0 6 12 18 2Y 0 13 26 39 52 
BED VOLUMES BED VOLUMES 

SODIUM INA), CRLCIUM ICFll, HND MWNESIUM lMGl CONCENTRRTIONS RRE MEASURED BY ATOMIC RBSORPTION. 
TOTRL HARDNESS LTHI IS CALCULATED BY SUMMING TkiE WLCIUM AND MflGNESIUM CONCENTRRTIONS. 



Ion-Exchange - Run L.12.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

3/14/80 

L.12.22 

Feedwa ter - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS-talc.) 
Target Actual 

- 
Fresh regeneration cont. (mg/L TDS-evap.) 
Fresh regeneration flow rate (L/min) 24:0 

92 800 
23.7 

Recycled regenerant flow rate (L/min) 24.0 23.8 
Recycled regenerant volume (L) 
Service termination point (mes/L Ca++) 

1600 1610 

Heat exchanger used. - .. - 
6.0 7.8 
Yes 

Packed bed regeneration mode used Yes E 
(i.e., resin hold-down) 

Height'=1 330 ll~n 
Volume =115.0 L 

Chemical Compositions of Tank Waters (Prior to Cycle) L.12.22 

PH Conductivity Ca++ Mg++ TH 
Tank units mS/m meq/L mea/L neq/L 

Recycle regenerant (T-5) 7.4 a 800 43.0 90.0 133.0 

Spent regenerant (~-6) 7.3 8 800 43.0 89.0 132.0 

Lime-softened feed (T-9) 7.2 1 380 21.4 10.0 31.4 

Lime-softened feed (T-10) 6.9 1 390 20.6 10.6 31.2 

Fresh ED brine (T-28) 6.6 9 920 13.2 43.6 56.8 

IX product/ED feed (T-33) 6.5 1 490 1.2 5.0 6.2 

Lime-softened feed (cleat-well) 7.2 1 380 21.0 10.0 31.0 
'The resin bed height at the end of drain-down after Regen 1 was used as the 

standard resin bed height in calculating bed expansion. 
OPERATING CONDITIONS 

CYCLE L.12.22 

INPUT 

RF PEGEN 

(VFW) 

RF REGEY 

FR REGEN 

FEEI7 

FFED 

(VENT) 

(-WTPllT 

WASTF 

WASTF 

SP RFGEY 

SP RFBEN 

WASTF: 

DRODIICT 

WASTE 

DUHATION 
1.1 I N 

10 

2 

6d 

25 

10 

201 

2 

230 2.no 

63 .ss 

lf\l!l 14.n.o 

601 5.23 

150 1.30 

403n 52.4 

41 .36 

73 

23.0 .?OO 

31.h .?7S 

23.n .707 

23.7 .?Ok 

15.0 .lJO 

30.0 .?51 

PO.7 .lPn 

41. 21.b 

0.0 

-1. 3h.O 

6.9 2s.n 

0.n 

0.0 

0.0 



Run L.12.00 
Cycle no. 

16 

17 
18 

19 

20 
21 

22 

Fresh Regenerant Volume, Balance 

Cycle L.12.22 

Fresh Fresh 
regenerant regenerant 
volume (Vj) TDS 

Date L mq/L 

3/12/80 599 
3/12/80 594 

3/13/80 595 
3/13/80 598 
3/13/80 597 
3/14/80 599 

3/14/80 601 

Service 
volyie (V,) 

5 790 
5 380 
5 880 
5 800 

5 760 
5 640 
6 030 

ED feed 
TM 
w/L 51 - 

90 

90 
90 

90 
90 
90 

90 

V$(l-R)Vs 

1.03 
1.10 
1.01 
1.03 

1.04 
1.06 
1.00 

Influent and Effluent Compositions-during IX Regenerations and Service - Cycle L.12.22 
(All samples composites except regenerations influent) 

(Analysis conducted at Denver on 5/l/80) 

Rcacn 1. 2 Regen 1 
lfrlucnt rnilvcni 

pn udts - 
ms (c~lculrted) WA 76 220 

70s (cvalmrJted PllwC) q,& 76 100 

Regcn 2 
effluent 

newn 3 
lnrluent Ltf 

6.4 0 n/ 
52 770 101 020 66 230 

63ow 92 6W 69 300 

cmductir1ty 6 25% as/m - - 9 226 

72 720 

75 200 

Slllu WL 10.0 6.0 7.6 10.0 

CllCbm WA 00 3 520 304 960 

kgnslu IOR 1 090 1 370 496 a3 

sodlu noA 24 500 12 900 35 300 26 SW 

Potassiu -311 1660 959 2 340 2lW 

Imn.tatal wr 0.7 0.4 0.36 0.3 

nmgmesc. total WA I(0 no 0.06 110 

stmnt1u WA 36.6 42.2 1.6 36.6 

IIlC9rbQNtC WA 79.3 110 66.9 79.3 

tirbonat* WL 0 0 0 0 

Hydroride ml/L . . . 

sulfrb -3/t. 12 800 10 000 27 SW wow 

Chlorfde WA 35 200 23 9w 35 ow 34 900 

T-•lkrlinity as taco, ML . - . 

P-r1winity ,I C&O, W/L . 

1.phorphorur as PO, 89/L . . 

E.F. 6~hlculrtcd)/cond.] . 11.0 

E.F. t@S(evworrted)/con~ . 10.1 

I AnhS meq/L 1 260.30 662.60 1 559.13 1 400.30 

f Catfonr WA. 1 236.20 %&SO 1 655.60 1 307.70 

control vale =wL H.23 *I.16 -3.96 t4.21 

questionable chemical analyses, inconsistent with values on following page 
and in other IX runs. 

6.0 

2060 

1 070 

2l600 

1636 

0.4 

II0 

43.6 

134 

0 

. 

12 900 

33 100 

E:;,:” 
influent 

6.0 

6640 

6 570 

1 270 

6.0 

416 

137 

2 310 

217 

0.12 

0.01 

4.9 

46.4 

0 

SdVC* 
l fflurnt 

7.4 

8 210 

6 130 

1 270 

6.0 

32.0 

19.5 

2 310& 

266 

0.03 

NO 

0.2 

40.3 

0 

. 

2060 

3 450 

. 

2150 

3 360 

. 

. . 

1 202.20 

1 163160 

a99 

. 

6.6 

6.7 

140.96 

136.55 

*I.05 

. 

6.5 

6.9 

140.66 

111.w 

t13.0" 
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PFGFrJ 1 EFFl.llFr.lla o.on 15.47 15.57 31.9* 4no.17 
PFr.FtJ J FFFUlFNT= 1.2n 239.52 143.37 362.40 son.39 
P=l=FbJ 2 EFFl.IIENT= t.no 2 0 0 . h 0 143.37 343.97 1000.43 
PFGFY ? I ~IFLlIENT 5.52 43.91 99.71 133.h? lnr.s.C;R 
PcGEr.l 2 EFf LIJFFITQ 4.05 59.9!l 95.64 lCS.53 122n.53 
UFGFY 3 EFFCflFWT= lb.10 47.90 96.64 143.54 1?6n.54 
PSGFG 3 IIlFLlJEYT 16.71 15.17 4tJ.99 56.16 l53S.45 
WFc.E”I 3 EFFLUENTd 17.33 47.90 79.*7 127.57 lsnn.hS 
RFGFN 3 FFFLUE~~Ta 18.57 3Q.02 63.70 103.63 lqo.65 
RcGEr! 3 EFFLUEMT~ l’-l.hO 31.94 55.60 

FFFLIJFFJT’ 
e7.74 lSkf1.6+ 

RFGFY 3 21.45 31.94 55.80 87.74 le;40.67 

PIMSE F.FFLllENT 0 . 0 0 26.55 43.7Y 65.33 Jnno.L3 
w 1 PI I; F: EFFLlJENT .65 31.94 55.90 87.7* 1?4O.S4 
PJb!SF EFFLIIENT 1.30 .*0 1 .so 2.3h 190.08 
S’RvICF EFFL~IF~JT 1.30 1.70 .P;: 2.07 19o.ns 
SERVTCF I EIFLUEYT 4.43 20.76 13.91 34.67 l?r.OS 

yFPVICE EFFLIlFhlT 7.57 .RO 3.54 4.34 lhO.07 
SFQVT CE I tlFLtJFr!T 25.04 211.76 11.93 32.hQ J lb.05 

SFQVICF EFFLllEh!T 26.3s .qo 1.98 2.77 lSO.07 
SERVlCE EFFLIIEFIT 3R.t+7 .a0 2.&O 3.h0 ic;n.o7 
SFPVICF EFFLUENT 45.13 2.40 15.14 17.54 139.r)b 

sE4v1 cE EFFLIJENT 51.39 s.c;q 2S.51 31.10 122.fiS 
SFRVTCE IPlFLlIENT 53.74 20.15 13.R3 33.99 12O.ClS 

SEW1 CE EFFLUENT 53.74 7.78 26.09 33.87 170.05 

%ample was diluted in the field (l/10). Values reflect undiluted concentrations- 

MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

CYCLE L.12.22 

THl+OWjHPUT CS Yli TH PJ A 
PV MElI /c w=.U/L ME O/L HFQA 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.12.22 

AvEUAGE COWENTPATIOPIS. uED/L REWv~L 
TIHF-YFIBHTFD 

1:JFLlJENT _ EFFLIlEl,JT 
RESIN CLPJICITY 

DI FFEREME 
PEST” CLPACITY 

c Eli/L LKF')/L .WI% 

30.56 1 .Sk 19.00 
13.72 6.47 6.75 
33.78 8.03 25.75 

120. tr5 150.44 -30.39 

92 .QQ5 
51 .354 
76 1.350 
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MRJOR itiTION CONCENTRRTIONS 
OF IX REGENERFITION EFFLUENT 
CYCLE Lu12.22 

0 Calcium Avg. influent 

oMagnesium concentrations, meq/L 

ATotal Hardness ca++ y# q+-* 

0 Sodium Mg++ 89:7 41:o 
TH 134 

0 
56.2 

Na+ 1066 1535 

Reg 2 + Reg 3 4 

G 12 18 
BED VOLUMES BED VOLUMES SODIUM INAl, CRLCIUM LCRI, !JND MRGNESIUM (MC1 CONCENTRATIONS fiRE MERSURED BY ATOMIC ABSORPTION, 

'IOTRL HARDNESS ITWI IS CRLCULRTED BY SUMMING THE CRLCIUM RN0 MAGNESIUM CONCENTRATIONS, 

_-. --- 9 ,. .C 

CYCLE L.12.22 
V&I\ v -L”L LI 1 LULIY I J 

81241 0Calcium Avg. influent 

OMagnesium concentrations, meq/L 

87.7 ATotal Hardness k$ 20.6 

55.8 OSodium Th 
13.2 

Na+ 
33.8 

120 



Ion-Exchaige - Run L.17.00 

Date: 

Cycl e : 

Conditions: 

Control variables: 

Standard resin bed: 

3/l a/a0 

L-17.17 

Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS-talc.) 
Fresh regeneration cont. (mg/L TDS-evap.) 
Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 
Recycled regenerant volume (L) 
Service termination noint (mea/L Ca++l 
Heat exchanger used ' - '. . 
Packed bed regeneration mode used 

Height'= 

(i.e., resin hold-down) 

1 340 Ilull 
Volume = 115.OL 

Target 

36.0 
36.0 
1 600 
6.0 
Yes 
Yes 

Actual 
88 290 
93 300 
34.4 
32.2 
1 602 
8.0 
Yes 
Yes 

Chemical Compositions of Tank Waters (Prior to Cycle) L.17.17 

PH Conductivity Caft Mg* TH 
Tank units mS/m meq/L mea/L - mea/L 

Recycle regenerant (T-5) 7.3 9 000 42.0 87.0 129.0 

Spent regenerant (~-6) 7.2 a 890 41.0 86.0 127.0 

Lime-softened feed (T-9) 7.2 1 350 21.4 10.4 31 .a 

Lime-softened feed (T-10) 6.8 1 370 21.2 10.2 31.4 

Fresh ED brine (T-28) 6.5 9 700 12.4 la.2 30.6 

IX product/ED feed (T-33) 6.4 1 480 0.8 5.8 6.6 

Lime-softened feed (clearwell) 7.2 1 350 21.4 10.2 31.6 

aThe resin bed height at the end of the drain-down after Regen 1 was used as the 
standard resin bed height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.17.17 

IxJ~~~~TIOY THctO~JG5f’I~T VOl.U*~F 
OUT~JIIT HI” L HV 

kASTF in 241 2.10 

riASTF 2 63 .s!i 

SP REcE:J sn 1607 13.93 

SP REGFU 16 !i51 4.79 

WASTF 70 38 0 2.61 

lJ4STF: 196 5HRO 51.1 

WASTE 2 30 .26 

Avfi FLOW PATE 
L/I”IF, HV/MI’J 

pfn 
FwPaNSTn’J TFYPFP4TURE 

s C 

24.1 .iJlO 

31.6 ,775 

37.? .?Rr) 

33.6 .7Q? 

1s.n .130 

3n.o .361 

1q.o .13n 

40. P1.3 

0.0 

2. 26.1 

5.2 35.7 

0.0 

0.n 

0.0 



Fresh Regenerant Volume Balance 

Cycle L.17.17 

Ry c;~~;po 
Y 

06 
07 
08 

09 
10 
11 
12 
13 
14 

15 
16 
17 

Fresh Fresh 
regenerant regenerant 
volume (V3) TDS 

Date L mdL 

3/15/80 600 - 

3/15/80 598 - 
3/16/80 598 - 

3/16/80 598 - 

3/16/80 600 - 
3/16/80 599 - 

3117180 600 96 040 

3/17/80 579 96 040 

3/17/80 552 96 040 

3/17/80 550 96 040 

3/18/80 553 - 
3118180 551 - 

Service 
volume (Vs) 

5 780 

5 580 
5 550 
5 610 
5 510 
5 520 

5 320 
5 700 

5 630 

5 830 
5 580 

5 880 

ED feed 
TDS 
mg/P 

,9 080 
9 080 

9 080 
9 080 

2 V3/(1-R)Vs 

90 1.04 
90 1.07 
90 1.08 

90 1.07 
90 1.09 
90 1.09 

90 1.13 
90 1.02 
90 0.98 

90 0.94 
90 0.99 

90 0.94 

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.17.17 
(All samples composites except regenerations influent) 

(Analysis conducted at Denver on 5/16/83, reanalysis received on 10/g/80) 

$4 units 
TOS (crlculrted) WL 

IDS (evaporated g tO5"C) mg,L 

conduct1vi ty 0 WC wm 

Silica mn 

caldur WA 

llrgnriu rln 

who W/L 

Patasr1u WL 

Iron. total =9/L 

Rngancr~. total WL 

stmntiw W/L 

alcarboNti W/L 

cmbonrt* V/L 

Hydroxldc W/L 

Sulfate W/L 

Chloride WL 

I-alkalinity as C&O, W/L 

P-4lkrlfnfty as C&J, W/L 

T-PhOSPhorus as PO, =9/L 

2.f. 605(c.lcul~ted)/cond.] 

E.F. ijOS(eraporatcd)/cond~ 

t Rnlonr WL 

I Cations m/L 

control "al"* ml/L 

Regen 1. 2 
Influent 

79 140 

60400 

10.0 

a04 

1 070 

25 a00 

1 920 

mo 

0.1 

37.4 

140 

0 

14 706 

34 700 

I 

s 

s 

3 287.30 

1 297.10 

-0.49 

hgcn I 
eTiluent ..-- 

51 ito 

s9 7fO 

kegen 2 
m 

79 160 

76 900 

1O.J 

3P43 

1 433 

IS 600 

1 010 

3.) 

#In 

60.7 

116 

0 

10.0 

2 loo 

1160 

25 loo 

1 810 

0.5 

IO 

45.7 

110 

0 

14 700 

34 2w 

- 

966.90 1 270.80 

1-022.90 1 335.70 

-3.71 4% 

m -&& 
7.5 - 

aa 290 91 900 

93 300 90 300 

111100 - 

7.2 10.0 

288 800 

634 678 

2s200a 30 9w 

2660 2380 

0.32 0.3 

0.08 IO 

1.96 36.2 

76.1 134 

0 0 

20owa 20 900 

35 400 35 SW 

10.0 - 7.2 

10.6 I 7.6 

1 413.28 1 44a.20 128.72 

1404.90 1 512.90 135.15 

w.38 -2.07 -3.06 

Rlnre and 
SIrvice 
w 

7.1 

a 070~ 

a 740 

1 160 

7.0 

448 

127 

2 239 

217 

0.05 

IO 

6.u) 

43.9 

0 

1 730 
a 

3 270 

- 

service 
effluent 

7.2 

8 720 

8 660 

1 270 

a.0 

24.0 

91.9 

2940 

271 

0.03 

IO 

0.26 

40.9 

0 

2060 

3 290 

- 

. 

6.9 

6.I 

136.17 

143.67 

-3.36 

‘?)uestionable chemical analysis result. 

78 



MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

WOOF 

RFGEN 1 
9FGEN 1 
REGEN 2 
REGEN 7 
REGFY 2 
RFGEN 3 
REGFY 3 
PEGEY 3 
REMN 3 
REGEN 3 
PIN%? 
RINSE 
RINSE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SERVICE 
SFRV ICE 
SERVICE 
SERVICE 

PROCESS WROUCHPUT CA MC) TH NA 
STREAH !3V Y&O/L HER/L CEO/L WFO/L 

EFFLUENP 
EFFLUENT= 
EFFLllENT” 
INFLUENT= 
EFFLUENT= 
EFFLUENP 
INFLUENT 
EFFLUENT= 
EFFLUENT= 
EFFLUE”!T= 
EFFLlJFNT 
EFFLlJENT 
EFFLUENT 
EFFLUENT 
IhlFLllENTC 
EFFLUENT 
INFLUENTC 
EFFLUENT 
EFFLllENT 
EFFLItENT 
I~GFLIJE~~T~ 
EFFLUENT 

CYCLE L.17.17 

0.00 15.97 39.Sl 
1.26 239.52 316.05 
2.10 239.52 237.04 
6.02 39.92 
9.38 ll.QRb 

88.07 

16.10 Fi.lYb 
1S.d 
ll.HdJ 

16.70 14.37 
7.94b 

57.1P 
17.30 lS.kJOb 
18.50 3.d 

7.d 
19.7ib 

21.19 ls.eob 
0.00 15.97 39.51 
1.30 .flO .H2 
2.61 .HO 1.15 
2.61 .RU 1.56 
5.74 23.95 47.41b 
R.H7 .40 1.15 

23.48 23.95 19.756 
24.78 .eo 1.56 
43.57 7.99 A19.05 
52.17 15.97(5.4)v3.70 
53.74 47.90 lS.#+ 
53.74 7.98 43.46 

55.47 
555.57 
476.56, 
127.99 

27.7P.b 
17.04b 
66.55 
a.74 
23.75b 
23.d 
55.47 

1.63 
1.Qf.i 
2.36 

71.36 
1.55 

43.71 
2.36 

27.OP 
39.67 
63.71 
51.94 

1511.07 
POO.35 
9no.39 

1122.73 
115n.50 
lllO.*R 
127n.12 
1350.59 
1400.61 
1500.65 

545.24 
lRr).UR 
140.06 
14l-l.rib 
lsn.n7b 
145.06 
110.05 
140.06 
115.05 
110.05 
240.inb 
110.05 

@pie was diluted in the field (l/10). 
Questionable chemical analysis result. 

Values reflect undiluted concentrations. 

=There appears a discrepancy of the reported concentrations for the service influent 
dsampies. A reanalysis was unable to be conducted due to the samples having been discar 

Concentration obtained at LVSTS using titrametric method. ,ded. 

SERVICE PERFORMANCE SUMMARY" 

CYCLE L.17.17 

TINC-WFl6biTFrt 

AVFkA(iE CftMENTRAT IIXJS, hEO/L PFMOVAL RESIN CAPACTTY RES J*J CAPACI TV 

1 PIFL I.IF. YT EFFLIJF’IT UIFFEPE 1Jr.F % FII/L 
If 

W(F?/L-+N/‘Q 

CA 31.94(22.36) 4.2c(1.20) R7(95) - 3,6< . 

VG ~7.~~(10.45) ?*o1(7.56) 
27*hfi(21.16) 

59*59(32.81) 13.37(8.76) 
ls*hib(2.89) 67( 28) -6.m . 

TM 4h-32(24.05) ‘b(73) ?-3h" (1.230) - 'fb& . 
E: A L66*7‘(96.96)~31*oa(l27.83) 3507~(-30.87) 

'The time-weighted average service influent and effluent concentrations, and the 
corresponding resin capacities are in question due to discrepancies of the concentrations 
of the individual samples. The values in parenthese were calculated using the 
composite samples rather than summing the individual samples. 
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MAJOR CATION CONCENTRATIONS 
OF IX REGENERATION EFFLUENT 
CYCLE L.17.17 

0 Calcium 
o Magnesium 
ATotal Hardness 

Avg. influent 
concentrations, meq/L 

0 Sodium Mg++ 88.1 52.2 
TH 128 66.6 
Nat 1122 1270 

t Reg 2 t Reg 3 1 

6 12 18 
BED VOLUMES 

Cl Calcium Avg. influent 
~Magnesium concentrations, meq/L 

180 ATotal Hardness 
Ca++ 31.9 
Mg++ 27.6 

OSodium TH 59.6 
Nat 167 

- Rinse 

MAJOR CATIUN cONCENTRRTIONS OF 
IX RINSE AND SERVICE EFFLUENTS 
CYCLE L.17.17 

1Y 28 Y2 
!3ED VOLUMES 

SODIUM INAl, CALCIUM [CAI, AND MRGNESIUM [MGI CONCENTRATIONS ARE MERSURED BY RTOMIC ABSORPTION, 
TOTAL HARDNESS IT/II IS CRLCULRTED BY SUMMING TME CALCIUM RN0 MAGNESIUM CONCENTRATIONS. 
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Ion-Exchange - Run L.18.00 

Date: 

Cycl e : 

Conditions: 

Control variables: 

Standard resin bed: 

3/21/80 

Ld18.13 

Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS-talc.) 
Fresh reoeneration cont. (ma/L TDS-evap.) 
Fresh regeneration flow rat& (L/min) . 
Recycled regenerant flow rate (L/min) 
Recycled regenerant volume (L) 
Service termination point (m&L Ca++) 
Heat exchanger used 
packed bed regeneration mode used 

(i.e., resin hold-down) 

Heighta= 1 315 mll 
Volume = 115.0 L 

Actual Target 
65 780 

2410 91 23.6 300 

24;O 23.9 
1 600 1 592 
6.0 7.6 
No No 
Yes Yes 

Chemical Compositions of Tank Waters (Prior to Cycle) L.18.13 

PH Conductivity Ca* Mg++ TH 
Tank units mS/m meq/C mea/L mso/L- 

Recycle regenerant (T-5) 7.2 9400 39.0 84.0 123.0 

Spent regenerant (~-6) 7.3 9300 39.0 82.0 121.0 

Lime-softened feed (T-9) 7.3 1320 22.4 9.6 32.0 

Lime-softened feed (T-10) 7.3 1380 21.6 11.4 33.0 

Fresh ED brine (T-28) 7.c 9820 11.2 49.6 60.8 

IX product/ED feed (T-33) 7.2 1460 1.0 5.4 6.4 

Lime-softened feed (clearwell) 7.3 1380 21.2 11.4 32.6 

apne resin bed height at the end of the drain-down after Kegen 1 Was used aS the 
standard resin bed height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.18.13 

INPUT 

PE REGEN 

(VENT) 

sE REGE?J 

FR PEGEN 

FEED 

FEED 

(VENT) 

DlJn II T ION 
OUTPIIT M IN 

WASTE 10 

WASTF 2 

SP RFGEN hh 

SP REGEh( 2s 

‘JASTF 20 

PRODIUCT 196 

WASTF 2 

THPOUGHPIIT VOLlJrfiF. 

L HV 

240 2.09 

63 .55 

15”E 13.84 

594 5.21 

300 2.61 

5AflO 51.1 

30 .2h 

PVC; FLOW RATE 
L/MIN RV/MIN 

24.l-l . ?FQ 

31 .A .37!i 

24.1 .71” 

?3.h . 7n’i 

15.0 .130 

30.0 .261 

ls.o .I30 

WFn 
F~PA~ISI~Y TEI’PFi4ATIlHE 

e. C 

43. lR.O 

0.0 

3 . 16.0 

R.rl 17.6 

0.0 

0.0 

0.n 

321 
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Fresh Regenerant Volume Balance 

Cycle L.18.13 

Run L.18.00 
Cycle no. 

05 
06 
07 
08 
09 
10 
11 
12 
13 

Fresh Fresh 
regenerant regenerant 
volume (V3) TOS 

Date L w/L 

3/19/80 699 - 
3/19/80 701 - 
3/19/80 698 - 
3/20/80 699 - 
3/20/80 598 - 
3/20/80 600 - 

3/20/80 578 - 
3/21/80 599 - 
3/21/80 599 - 

Service 
volume (Vs) 

L 

5 910 
5 970 

5 850 
5 940 
5 880 
5 970 

5 480 
5 790 
5 880 

ED feed 
TOS 

s w/L - 

90 
90 

90 
90 
90 
90 
90 
90 
90 

Vj/(l-R)Vs 

1.18 
1.17 
1.19 
1.18 
1.02 
1.00 
1.05 
1.03 
1.02 

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.18.13 
(All samples composites except regenerations influent) 

(Analyzed at Denver on 5/6/80, reanalysis received on 10/g/80) 

m wits 

TDS (crlculrted) ML 

TOS (evaporated P 105°C) q/L 

Conductivity P 25% 

Silica 

ca1cim 

magmrim 

5odlL 

Patass1u 

Iron. total 

Hanganse. total 

stmntiu 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

I-rlkrlinlty as CaCO, 

P-alkalinity as C&O, 

T-phosphorus as PO* 

E.F. 6M(calculrted)/cond.] 

E.F. tjDS(crapmted)/cond~ 

I: Anions ws/L 

I c~tionr -W/L 

control vr1w RP/L 

rlegen 1. 2 
!Influent 

pgcn 1 
cfnucnr 

so 260 I3 PO 16 530 

so 800 56 160 so SW 

1.0 

bw 

488 

26 SW 

2060 

Ho 

60 

33.1 

102 

0 

5.0 

2060 

683 

23 100 

1364 

0.2 

0.2 

43.4 

106 

0 

14 800 

35 200 

5.0 

3840 

5%= 

14 lco 

.I 030 

0.2 

0.2 

47.5 

To6 

0.6 

- 

10 3W 

23 900 

14 5W 

34 2W 

- 

1 302.67 666.76 

I 302.60 879140 

-0.01 (0.61 

- 1.3 

- 10.2 

1 265.74 1 067.45 

1 217.70 1 156.50 

l 2.44 -5.35 

1.9 

65 760' 

91 300 

8980 

1.2= 

566 

1120 

22 3ooQ 

2680 

0.3 

0.06 

1.92 

66.5 

0 

4 510= 

34 5w 

* 

- 

88 350 

89 500 

10.0 

800 

761 

26 IW 

2440 

0.4 

0.1 

31.9 

123 

0 

- 

20 6W 

34900 

1 413.02 

Rinse and 
service 
influcnt 

9.0 

8 490 

8 590 

1 320 

3.5 

432 

97.6 

2 270 

213 

0.06 

0.02 

5.19 

141 

0.6 

1 910 

3 420 

. 

- 

. 

6.4 

6.5 

136.33 

1 416.50 133.66 

-0.16 e2.07 

‘SWVlC~ 
m 

9.0 

8 520 

I650 

1 240 

6.6 

32.0 

56.6 

2 790 

213 

0.06 

0.01 

0.16 

129 

15.9 

1 940 

3 340 

- 

- 

b.9 

7.0 

$7.24 

132.86 

+1.w 

aQuestionable chemical analysis result, 
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

YflPf 

OFGFN 1 
RFr.FhJ 1 
RF.GFN 7 
RFGFN 7 
RFr.FN 7 
PFGFY 3 
PFWN 3 
f?!?GF+J 3 
PFOEW 3 
HFCEhi 3 
PFRFN 3 
PINSF 
RINSE 
PTMSF: 
SFQvICF 
SFRVICF 
SERVICE 
SFQVICF 
SFIRVTCF 
SERVICF 
SERVTCF 
SFRVICC 
SERVICE 

THRiXlf~W’UT CA 
kV 

EFFLWNT= 1.00 
EFFl.UENT= 1.25 
EFFLUENTS 2.nY 
I~lFL.I:ENT”- 5.45 
EFFLIIFNT~ 9.22 
EFFLIJENTa 15.93 
IF!FLlIFNT 16.55 
EFFLlJENTa 17.10 
EFFLIJEW~ lH.3Y 
F.FFLIJENTU 19.62 
EFFLI.IENT~ 21 .Uh 
EFFLllFFlT n.nn 
EFFLIIENT 1.30 
EFFLLIFNT 2.61 
EFFLIIENT 2.61 
IF’FLIJEMT 6.00 
EFFLIJFNT 9.13 
IF’FLUENT 27.39 
EFFLIIFYT 2A.7n 
EFFLUENT 41.74 
EFFLUENT 44.76 
I?JFLIJE1IT 53.74 
EFFLUENT 53.74 

CYCLE L.18.13 

MEr)/L 
ur; 

kEO/L 

lZO.74 77.7n 
zss.49 139.09 
243.41 143.21 

3o.aaz 4Q.16 
71 .Ph H7.24 
47.90 95.47 
77.94 92.1Hb 
51.90 97.24 
w.07 75.77 
3Y .9% 59.75 
39.97 55.80 
20.74 34.24 

.44 .H4 

.74 .hn 

.4o .4H 
22.75 9.14 

.32 .4* 
22.16 10.37 

.4n .50 

.40 3.5Y 
3.19 20.74 

22.36 9.79 
7.58 21.32 

TH 
MEfJ/l. 

207.44 
394.5p 
386.77 

J?.O.llA 
159.10 
143..*n 
120.13b 
139.14 
115.64 

99.t.7 
95.72 
55.00 

l.?H 
.PP 
.9p 

31.89 
.tio 

32.53 
.qn 

4.1Q 
23.93 
32.15 
28.90 

N A 
?rFO/L 

4hll.2U 
lnnn.43 
1nan.45 
llkS.72 
13fio .5Y 
1.7+0.54 

w.r4 
161rD.72 
15no.65 
1~Oll.65 
15nn.6c 

oon.3Y 
lFn.Oh 
160.07 
lbO.U7 
174.nSb 
124.UC 
710.09 
216.62 
360.11 
270.10 
370.10 
300.13 

$ample was diluted in the field (l/10). 
Questionable chemical analysis result. 

Values reflect undiluted concentratiqns. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.18.13 

TI!W-.dEIWTED 
AVERP.GE CONCENTPATIONS. h!tO/L REYOV4L RESIN CAPACITY RESIN CAPICITY 

INFLUENT FFFLUWT DIFFEQENCE pi FO/L wEQ/L . mrk 

CA PT.42 1.13 21.29 95 1 .ORY AM- Pr, 9.77 4.57 5.19 53 .265 
3*33, 

TH 72.19 5.7n 26.48 82 1.354 
NA 215.1 202.60 -30.35 

a3 



MAJOR CFlTION CONCENTRATIONS MAJOR CRTION CONCENTRATIONS OF 
OF IX REGENERRTION EFFLUENT IX RINSE AND SERVICE EFFLUENTS 
CYCLE L.18.13 

0 Calcium 
0 Magnesium 
a Total Hardness 
0 Sodium 

Avg. influent 
concentrations, meq/L 

Ca++ . we 27.9 
Mg++ 40.2 92.2 
TH 80.1 120 
Na+ 1166 970 

Reg 2 $ Reg 3 4 

Reg 1 

55.0 

34.2 

ifluent 
kinnz _ men/l 

.E L.18.13 
0 Calcium 

Avg. ir -- 

o Magnesium 
concentrat . - . . I ) . . . - , - 

Ca++ 
A Total Hardness Mg++ 22.4 

9.77 
0 Sodium TH 32.2 

Nat 7l5.1- 

0 G 12 18 24 0 14 28 42 56 
!3ED VOLUMES 3ED VOLUMES 

SODIUM INA), CALCIUM (CA), FlND MflGNESIUM (MG1 CONCENTRATIONS RRE MERSURED BY fjTOMIC RBSORPTION. 
lOTAL HARDNESS (THI IS CALCULflTED BY SUMMING THE CFlLCIUM RND'MAGNESIUM CONCENTRATIONS. 



Ion-Exchange - Run L.19.00 

Date: 

Cycl e : 

Conditions: 

Control variables: 

Standard resin bed: 

3/271X0 

L.19.27 

Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS-talc.) 
Target Actual 

- 91 270 
Fresh regeneration cont. (mg/L TDS-evap.) - 90 800 
Fresh regeneration flow rate (L/min) 36.0 36.2 
Recycled regenerant flow rate (L/min) 36.0 34.7 
Recycled rcgenerant volume (L) 1 600 1 597 
Service termination point (meq/L Ca++) 6.0 6.8 
Heat exchanger used No No 
Packed bed regeneration mode used Yes Yes 

Height== 1 340 any 
(i.e., resin hold-down) 

Volume = 115.0 L 

Chemical Compositions of Tank Waters (Prior to Cycle) L.19.27 

PH Conductivity Ca++ Mg++ TH 
Tank units mS/m meq/L meq/L- mea/L 

Recycle regenerant (T-5) 7.3 9 410 39.0 86.0 125.0 

Spent regenerant (~-6) 7.3 9 360 39.0 87.0 126.0 

Lime-softened feed (T-9) 7.2 1 390 21.4 10.4 31.8 

Lime-softened feed (T-10) 7.3 1 380 22.0 10.0 32.0 

Fresh ED brine (T-28) 6.6 9 900 12.4 43.2 55.6 

IX product/ED feed (T-33) 7.0 1 490 0.8 5.0 5.8 

Lime-softened feed (clear-well) 7.2 1 370 21.6 10.0 31.6 

'ZThe resin bed height at the end of the drain-down after Regen 1 was used as the 
standard resin bed height in calculating bed expansion. 

1 NPIJT 

HE QEGEN 

(VENT) 

RE HE6F.N 

FR REc,EN 

FEE 0 

FEED 

(VENT) 

OPERATING CONDITIONS 

CYCLE L.19.27 

bLiHI\TION TW90UCtiPUT VDLIJMF 

OUTPI!T M IN L RV 

WASTF 10 243 2.11 

WASTF 2 4 0 .35 

SO RSGEN 46 1597 13.89 

SP RFGEN 15 551 4.79 

WASTE 70 ~00 2.61 

PRODIICT 188 5640 49.0 

WASTE 2 30 .26 

283 

85 

RFD 
AvG FLOW QbTE FXPANSTON TFMPFW4TUi?E 

L/t.!IK HV/t4IM u c 

24.3 .711 40. 1q.0 

PO.0 .174 O.n 

34.7 .3n7 0. 17.9 

36.3 .715 10. 13.6 

15.0 .i3n 0.0 

311.0 .261 n.n 

is.0 .13n 0.0 



Fresh Regenerant Volume Balance 

Cycle L.19.27 

Fresh Fresh 
regenerant regenerant Service ED feed 

Run L.19.00 volume (V3) TOS volume (Vs) TDS 

Cycle no. __ Date L mq/L . L mg/C s V3/(1-R)Vs 

15 3124180 599 5 670 90 1.06 

16 3/24/80 599 5 360 90 1.12 

17 3/24/80 509 5 340 90 0.95 

18 3/25/80 599 94 720 5 490 9 290 90 1.09 

19 ?/25/80 599 94 720 5 790 9 290 90 1.03 

20 3/25/80 63 94 720 4 990 9 290 90 0.13 

21 3125180 597 94 720 5 460 9 290 90 1.09 

22 3/26/80 597 5 580 90 1.07 

23 3/26/80 601 5 610 90 1.07 

24 3126180 543 5 670 90 0.96 

25 3126180 550 5 700 - 90 0.96 

26 3/27/80 549 5 700 90 0.96 

27 3127180 551 5 640' 90 0.98 

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.19.27 
(All samples composites except regenerations influent) 

(Analyzed at Denver on 5/23X80, reanalyzed on g/4/80) 

PH units 

TOS (calculated) W/L 

10s (evaporated 9 106~C) ngJ1 

Conductivity 9 WC film 

Sill.3 b/L 

Calcim m9JL 

Rgnerium ngJL 

Sodfun ngJL 

Potassium W/L 

Iron, total 119/L 

Pdnganerc. total =9/L 

strontium W/L 

Bicarbonate W/L 

Carbonate WJL 

Hydroxldc WJL 

Sulfate WJL 

Chloride mg/L 

l-alkalinity as CaCO, ngJL 

P-alkalinity as CaCO, ngJL 

l-phosphorus as PO,, WJL 

C.F. ~oS(calculated)Jcond.] 

E.F. fOS(evaporated)JcondJ 

r Anions awl/L 

z Cations ncq/L 

C:mte 31 value ml/L 

Regcn 1.7 
Influent 

78 520 

80 800 

10.0 

a00 

1 220 

25 300 

1 850 

3.3 

0.2 

43.0 

145 

0 

w 

14 700 

34 500 

- 

- 

1 260.38 

1 207.20 

-0.34 

UC E" 1 L- cf lucnt 

58 580 

61 000. 

13.0 

3 840 

1 730 

14 900 

1 370 

3.1 

0.2 

s7;o 

123 

0 

- 

10 9aa 

26 000 

- 

s 

- 

- 

962.02 

1 9C9.30 

-3.lSb 

Rcgcn 2 
effluent 

Rerlfn 3 
a 

fofluent KfjugL 

77 240 

79 709 

9.0 

2 000 

1 290 

23 200 

1 720 

11.9 

0.1 

63.0 

140 

0 

7.0 

91 270 

90 800 

1 260b 

12.0 

616 

859 

30 900 

2 240 

2.4 

0.1 

30.0 

145 

0 

- 

14 309 

34 SW 

- . 

I 

I 

2.1 SW 

34 800 b 
(37 5OO)C 

m 

1 212.29 1 430.36 

1 264.00 1 506.60 

MO.42 -3.Slj 

62 130b 

65 300~ 

7.1 

1600 

1 650 

18 Nmb 

1 230 

1.3 

0.2 

34.5 

66.9 

0 

Rlnre and 
service 
lnfluent 

1.7 

a 480 

8 670 

1 190 

9.5 

448 

120 

2 270 

206 

0.3 

no 

5.6 

42.7 

0 

s 

0 270b 

31 000 

- a 

1 980 1 950 

3 400 3 690 

w a 

- w s 

9.2 7.1 7.2 

9.7 7.3 6.6 

1 045.13 137.70 145.27 

1 050.50 136.06 146.94 

-0.33 a.73 -0.71 

'Lrhe influent and effluent compositions were interchanged due to an error in the 
breceived,ana'lysis. 
cQuestionabl.e chemical analysis result. 

Analysisswds rerun - value in parenthesis is result from first analysis. 

Service 
effluent 

7.7. 

9 130 

8 610 

1 260 

6.3 

23.2 

59.0 

3 090 

271 

0.2 

NO 

0.3 

40.9 

0 
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Urll,F 
THRAIIGHPUT CA 

MV ME”J/L 
H(i TH N4 

UFO/L CFO/I. MFO/L 

PFGFN 1 EFFLUENT= o.on 117.76 H3.62 
PFGFN 1 EFFLIJENT~ 

201.39 snn.2% 
1.27 233.S? 147.41 3H6.93 

REGFN ? EFFLUENTa 3.11 319.c;fB lA3.37 362.94 
771 n.968 
31nr).01. 

QFGFN 2 INF LtJENT” 5.74 39.92 lob41 140.33 llnn.*A 
WEGFN 2 EFFLIJ!WT= 9.36 67.Rh 89.63 157.49 lSO0.hS 
PFGFN 3 FFFLltENl= Ih.QO 49.90 I n7.57 157.47 13nn.s7 
OFr.FCI 3 INFLUF~IT Ih.h3 79.d lW.266 ?32.lnb 7R7.30b 
OFGEN 3 EFFLIJENT= 17.26 41.Y2 69.71 

EFFLLIFNT~ 
111.63 15nn.65 

RFGEN 3 18.52 33.93 55.72 13nn.57 
QFr,EN .7 EFFLUENT= 

RY.65 
19.7R 29.04 51.77 81.71 1wn.w 

RFGEN 3 EFfLuENTa 20.72 27.04 47.M2 75.76 15nO.65 
PIN5E EFFLIJEPIT 0.01) 2.pn 3.s9 5,7R 9nn.39 
WINSE EFFLUENT 1.30 .4 0 .HO l.i?b 170.07 
alNSF. EFFLUENT 2.61 .34 .5kl .92 Ihn.07 
SFQVICF EFFLIIFNT 2.61 .36 .60 .96 1eo.n7 
SEQvlCF: INFLUENT 5.74 21.96 10.12 32.08 124.03 
SEQV I CE EFFL~IFYT 6.37 ..te .Sh .hA lhn.07 
FEQVl CF. IMFLUENT 25.n9 21.76 10.s3 32.79 124.05 
SEQVICE EFFLIIENT 27.39 .hQ .90 1 .sn 1=ln.n7 
SEWICE EFFLUENT 39.91 . no 3.79 4.58 1sn.n-r 
swv I CF EFf LUENT 45.39 3.79 19.11 21.9n 13h.00 
SERVICE INFLUENT Sl.bS 22.16 9.9b 32.11 124.05 
SERVICF EFFLUENT 51.65 6.79 21.32 2c.10 13O.Ob 

:saWle Was diluted in the ffeld'(l/lO). Values reflect undiluted concentrations. 
Questionable chemical analysis result. 

M&JOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY,ATOMIC ABSORPTION 

CYCLE L.19.27 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.19.27 

TlMF-wEIWTFD 

AVFRARE CONCFNTQATI0NSt do/L RFCOVAL PtSIN CAPACITY QESI’I CA”ACITY 

INFL!JENT EFFLUEFJT DIFFERENCE 8 E8/L MFcJ/I- l Wf n 

CA 31.9h 1.37 20.43 94 1.n12 -3.58 
)*I; 10.21 4.69 5.52 94 .?71 

2b.15 81 l.?P2 
l I79 6.94 

TH 32.lh 6.01 l n44 4.53 
NA 124.05 150.2R -26.22 

a7 



MAJOR CRTION CONCENTRRTIONS 
3F IX REGENERRTION EFFLUENT 
C;YCLE L.19.27 

q Calcium Avg. influent 
~Magnesium concentrations, meq/L 

ATotal Hardness Ca++ kg&z Reg 

o3odium Mg++ 100' 
79.8 

152 
TH 
Nat 

140 232 
1100 787 

t 
Reg 1 

Reg 2 tReg33 

0 G 12 18 
BEtI VOLUMES 

MflJOR CATION CONCENTRRTIONS OF 
IX RINSE RN0 SERVICE EFFLUENTS 
CYCLE L.19.27 

CJ Calcium 
o Magnesium 

Avg. influen 
concentrations .LI 

t 
,-meq/L 
2z.u 
10.2 
32.2 

124 

Ca" A Total Hardness Mgtt 
0 Sodium TH 

Na+ 

/;- Rinse Service 

0 13 26 39 52 
!3ED VOLUMES 

SODIUM (NAI, CALCIUM (CA), AND MAGNESIUM [MGI CONCENTRATIONS ARE MEASURED BY RTOMIC ABSORPTION. 
lOTAL HARDNESS (TH) IS CALCULFlTED BY SUMMING THE CflLCIUM FiND MRGNESIUM CONCENTRRTIONS. 

7 fi 
i 

P 

-- 



Ion-Exchange - Run L.20.00 

Date: 

Cycle: 

Conditions: 

Control variables: 

Standard resin bed: 

3/29/80 

L.20.09 

Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TOS-talc.) 
Target Actual 

- 87 980 
Fresh regeneration cont. (mg/L TOS-evap.) 91 900 
Fresh regeneration flow rate (L/min) 24:0 23.9 
Recycled regenerant flow rate (L/min) 24.0 23.6 
Recycled regenerant volume (L) 1 600 
Service termination point (meq/L Ca++) 

1 603 
6.0 6.6 

Heat exchanger used 
Packed bed regeneration mode used 1: 

No 

*(i.e., 
No 

resin hold-down) 

Height== - smi 
Volume =115.0 L 

Chemical Compositions of Tank Waters (Prior to Cycle) L.20.09 

PH Conductivity Cat+ tt 

Tank units mS/m meq/L l&L & 

Recycle regenerant (T-5) 7.3 9 550 43.0 85.0 128.0 

Spent regenerant (~-6) 7.2 9 900 37.0 90.0 127.0 

Lime-softened feed (T-9) 7.1 1 300 21.6 10.0 31.6 

Lime-softened feed (T-10) 7.2 1 380 22.0 9.6 31.6 

Fresh ED brine (T-28) 6.7 >lO 000 26.0 94.0 120.0 

IX product/ED feed (T-33) 6.9 1 300 1.1 4.5 5.6 

Lime-softened feed (clearwell) 7.3 'No resin bed height is presented due 1 410 to no resin bed height 21.8 for drain 10.0 1 being 31.8 

recorded. 

OPERATING CONDITIONS 

CYCLE L.20.09 

I NPtJT 

(VENT) 

FFFD 

FFFI-J 

(VEIJT) 

DUTPIIT 

WASTF 

SP HFGEI.1 

SP QFGEN 

WGSTF 

WPSTF 

PROOUCT 

WGSTF 

nUt?hTIOM 
FI 1 N 

10 

69 

?5 

2 

10 

1Qc-l 

3 

3rl: 

THQOtlGhPUT VOLIJYF 
L RV 

240 2.09 

1603 13.Q 

59R 5.20 

3n .ilh 

150 1.30 

c;Y40 51.7 

41 .3h 

89 

pi?n 
AVI; FL04 PATE FxPAM<TDN TF’4PESGTlJWt‘ 
L/b!Tbi hV/b’IN Y C 

24.0 .2nu Y 

23.h .?05 I 

2 3 . 7 .?rlh $ 

15.0 .130 0.0 

lS.P .13n 0.n 

30.0 ,761 0.0 

13.7 .lIO 0.0 

15.0 

11.9 

13.5 



Fresh Regenerant Volume Balance 

Cycle L.20.09 

Fresh Fresh 

Run L.20.00 
regenerant regenerant 

Cycle no. 
volume (Vj) TDS 

Date L. mg/L 

05 3/28/ao 549 
06 3/28/ao 602 
07 3/28/80 538 

08 3/29/80 597 
09 3/29/80 598 

Service ED feed 
Volume (Vs) TDS 

L mg/C & V3/(1-R)Vs 

5 910 90 0.93 
6 060 90 0.99 
5 940 90 0.91 
6 030 90 0.99 
5 940 90 1.01 

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.20.09 
(All samples composites except regenerations influent) 

(Analysis conducted at Denver on 5/23/80, reanalyzed on g/4/80) 

PH units 

TDS (calculated) W/L 

TOS (evaporated @ 105 eC) W/L 

Conductivity @ 25 "C mS/m 

Silica WL 

Calcium W/L 

Nagnesium W/L 

Sodium Q/L 

Potassium W/L 

Iron. total W/L 

Ednganese. total WL 

Strontium W/L 

Bicarbonate W/L 

Carbonate W/L 

Hydroxide w/L 

Sulfate WA 

Chloride W/L 

T-alkalinity as CaCOs W/L 

P-alkalinity as CaCOs W/L 

T-phosphorus as PO,, W/L 

E.F. [TOS (calculated)/cond.] 

E.F. [TDS (evaporated)/cond.] 

L Anions W/L 

t Cations meq/L 

Control Value mwL 

Regen 1.2 
influent -- 

07 180 

84 300 

Regen 1 Regen 2 
effluent effluent 

59 260 

60 300 

12.0 

960 

1 200 

27 900 

1 900 

0.5 

0.2 

30.0 

113 

0 

- 

14 200 

40 900 

9.0 

1 760 

1 350 

17 700 

1 330 

0.3 

0.2 

29.0 

107 

0 

10 900 

26 100 

1 440.85 962.76 

1 405.00 1 000.10 

+1.94 -2.46 

@estionalbe chemical analysis result. * _ . _ . 

04 890 

80 200 

- 

10.0 

2 190 

1 440 

25 800 

1 740 

0.7 

0.2 

44.0 

107 

0 

- 

14 800 

38 ml 

- 

1 398.76 

1 392.40 

l 0,29 

Reaen 3 
Influent Effluent -- 

7.8 

87 980 

91 900 

9 180 

6.9 

256 

a30 

27900L 

'2"golb 

0.7 

0.4 

3.3 

67.8 

0 

- 

22 000 
(35 .wolb 
34 200 

9.6 

10.0 

1 422.44 

1 359.60 

42.83 

88 320 

90 000 

11.0 

1 010 

800 

28 400 

2 320 

0.6 

0.2 

29.0 

80.5 

0 

21 000 

34 700 

- 

1 417.32 

1 415.20 

l 0.10 

Hlnse and 
service 
influent 

7.0 

8 240 

8 650 

1 190 

6.7 

432 

132 

2 130 

210 

0.1 

NO 

5.0 

37.2 

0 

2 020 

3 270 

- 

service 
effluert L 

7.1 

8 270 

8 750 

1 220 

7.2 

19.2 

56.6 

2 790 

289 

0.1 

NO 

NO 

38.4 

0 

- 

1 990 

3 080a 
(3 6901b 

6.9 6.8 

7.3 7.2 

134.81 128.93 

130.27 134.00 

l 2.07 -2.41 

-Analysis rerun - values in parenthesis represent:results from initial analysis. 
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

PF?l)CESS 
STRFAH 

EFFLIIFI\(T= 
F FFLUENTa 
EFFLIIEMT~ 
INFLUFIUT’L 
EFFLIIENT 
FFFLII~~IT~ 
IFIFLIIENTQ 
EFFLIJEFIT” 
EFFLUENTS 
EFFL:!FNT” 
EFFLIIFNT~ 
FFFLUWT 
EFFLUENT 
t FFLllFWT 
FFFLIJFWT 
IFIFLIJE?iT 
EFFLIICNT 
IhlFLIlENT 
EFF~.I.IE~T 
EFFL~E*sT 
E F F I_ IJ t :,I T 
I :.‘FLUENT 
EFFL~JENT 

CYCLE L.20.09 

THQ0lJGHPUT CA 
HV t(EO/L 

0.00 119.75 
1.2s 3’4.9? 
7.09 143.e.l 
5.57 47.90 
9.rlh 73.R5 

lh.cl3 53.H9 
l%.hS 12.77 
17.37 4s.91 
16.52 34.42 
19.77 34.33 
%I.22 22.36 

0.60 27.56 
.a5 30.q4 

1 .x0. .46 
1.30 .*5 
4.70 21.76 
7,A3 .32 

2h.n9 21.36 
27.39 .3% 
40.43 .4* 
46.96 2.59 
52.96 21.76 
52.96 6.59 

TH 
UFO/L 

61.73 lP1.49 
95.h4 135.56 

135.47 379.09 

9R.77 146.67 
Ifll.56 175.47 

R9.h3 14?.5? 
68.31 Rl.ll4 
79.h7 125.5R 
65.76 105.6Js 
59.93 93 .?h 
54.16 7h.51 
wi.nt, 112.5Q 
55.17 85.71 

l.%d 1.75 
.q,5 1.51 

11.35 33.11 
.h3 .55 

10.95 32.31 
.rcn 1.13 

3.47 3.9F 
1P.79 21.32 
lO.Sb 32.32 
22.71 29.29 

'Sample was diluted in the field (l/10). 
'Questionable chemical analysis result. 

Values reflect undiluted concentrations. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.20.09 

TI’“F-..JFI5’(TFI, 

AVEHAGF CO~CENTYATIONSI b!ELI/L RFb’OUAL RES.IN CAP4CITY OESICl C4PACITY 

JNFLUENT FFFLUENT C)IFFERK:I.ICE 9; Er!/L Ly CO/L + a-r n 

cn 71.67 i.nn 20.h2 95 1.065 ey.37 
Y G 10.95 4.71 h.25 57 .3?3 AQ+ ?.02 
TV 7?.SU 5.71 2h.Hh Y2 1.3ot( 
NA 117.33 140.5% -23.13 -+39 
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MAJOR CFITION CONCENTRATIONS 
OF IX REGENERATION EFFLUENT 
CYCLE L.20.09 

0Calcium Avg. influent 
0MagneSium concentrations, meq/L 

ATotal Hardness 
&odium 

ca++ * yy+ 

Mg++ 9818 6813 
00 TH Nat 1214 147 1214 al.1 

I-l 
I 

i 

le 1 
Reg 2 $ Reg 3 -4 

6 12 18 
BED VOLUMES 

28 
BED VOLUMES 

SODIUM INRI, CRLCIUM ICAI, AND MRGNESIUM (MC1 CONCENTRATIONS PRE MERSURED BY ATOMIC ABSORt'TION. 
TOTAL HARDNESS (Tki1 IS CflLCULRTED BY SUMMING TtiE CRLCIUM AND MRGNESIUM CONCENTkRTIONS. 

MRJOR CATION CONCENTRATIONS OF 
IX RINSE FlND SERVICE EFFLUENTS 
CYCLE L.20.09 

1 1401 0Calcium 
3 OMagnesium 
0 85.7 ATotal Hardness 

55.2 osodium 

I 
I- 

I 

4 

Avg. influent 
concentrations, meq/L 

Cat+ 
Mg++ 

21.6 
11.0 

TH 
Nat 

32.6 
117 
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Ion-Exchange - Run L.22.60 

Date: 

Cycl e : 

Conditions: 

Control variables: 

Standard resin bed: 

4/4/ao 

L.22.15 

Feedwater - LaVerkin Springs - - 
Regenerants - 

lime-softened, pretreated 
recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS-talc.) 
Fresh regeneration cont. (mg/L TDS-evap.) 
Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 
Recycled regenerant volume (L) 
Service termination point (meq/L Ca++) 
Heat exchanger used 
Packed bed regeneration mode used 

(i.e., 
Heighta= 1 340 tnn 
Volume = 115.0 L 

resin hold-down) 

Tarqet 

36.0 
800 
6.0 
No 
Yes 

Actual 
90 780 
90 900 
35.8 
33.0 
793 
7.0 
No 
Yes 

Chemical Compositions of Tank Waters (Prior to Cycle) L.22.15 

PH Conductivity 
J3& units mS/m 

Recycle regenerant (T-5) 7.5 8 740 

Spent regenerant (~-6) 7.4 8 720 

Lime-softened feed (T-9) 7.1 1 370 

Lime-softened feed (T-10) 7.1 1 390 

Fresh ED brine (T-28) 6.7 9 580 

IX product/ED feed (T-33) 7.1 1 490 

Lime-softened feed (clearwell) 7.1 1 390 

Cl++ Mg++ 
meq/L meq/L 

42.0 102.0 

42.0 100.0 

21.0 10.6 

21.0 10.4 

13.6 46.4 

0.8 4.8 

21.2 10.4 

TH 
meq/L 

144.0 

142.0 

31.6 

31.4 

60.0 

5.6 

31.6 
'LThe resin bed height at the end of drain-down after Regen 1 was used as the 

standard resin bed height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.22.15 

rl(JG!lrTIfl!~l TPC’r>llr,VPllT VOLIIMF 

nllT?ltT !-! 1 N L RV 

‘iASTF 10 ?ill 7.17 

UASTF 2 3s . 31 

SP QCGEE’ 74 79 3 h.40 

51’ RFI;EE! 14 501 4.35 

LrASTF zn ?YO 7.5? 

PFOQllCT 179 5349 4h.4 

kASTF i! 30 .i?h 

25.0 .?17 

lb.0 .I79 

33.1’ .?R-l 

35.R .311 

10.5 .l?h 

3n.n .?hl 

ls.n .13n 

on. IS.5 

n.o 

7.1 lb.3 

A.? 17.5 

n.n 

n.0 

0.0 
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Fresh Regenerant Volume Balance 

Cycle L.22.15 

RunL.22.00 
Cycle no. Date 

04 4/2/80 
05 4/2/80 
06 4/2/80 
07 4/2/80 
08 4/3/80 
09 413180 
10 4/3/80 
11 4/3/80 
12 4/3/80 
13 4/4/80 
14 414180 
15 414180 

Fresh Fresh . 
regenerant regenerant 
Volume (Va) TDS 

L. mdL 

501 
502 
501 
504 
499 
501 
501 
175 
502 
498 
499 
501 

Service 
volume (V,) 

t 

5 070 
4 860 
5 200 
4 840 
4 920 
5 140 
5 100 
4 560 
5 210' 
5 280 
5 210 
5 340 

ED feed 
TDS 
mq/C i! - 

90 
90 
90 
90 
90 
90 
90 

90 
90 
90 
90 
90 

V$(l-R)V% 

0.98 
1.03 
0.96 
'1.04 
1.01 
0.97 
0.98 
0.38 
0.96 
0.94 
0.96 
0.94 

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.22.15 
(All samples composites except regenerations influent) 

(Analysis conducted at-Denver on 6/3/80) 

PH ImlCS 

TDS (calculated) =9/L 

TDS kvrporated 0 105%) ul/~ 

Conductivity 9 25% 

SiliCl 

CililU 

kgneslu 

sadiun 

Potarshn 
Iron. total 

l!al9mr*. tot*1 

stront1u 
Hcwbonatc 

cwbonrtc 

Hydroxide 

Sulfate 

Chloride 

T-alkalinity as MD, 

P-rlkalinlty as CJCO, 

l-phosphorus .s PO, 

L.F. 6DS(erlcul.trd)/cmd.) 

6.F. fiOS(rvrporrted)/cod~ 

1 Anbls =4/L 

R c.tions rglL 

control rrlw . =+L 

Rcgen 1. 2 Rqen 2 'Re C" 3 
Influent c m +Jg 

. - 7.8 

18 6% 53 695 72 070 90 780 M 630 

76 5w 56 800 76 ZW IO 900 19 (Iw 

a I 950 h 

1.0 6.0 0.0 8.0 6.0 

1060 3 560 2 620 310 1200 

1100 12w 1 410 572 922 

25 1DO 13 600 21 700 3DlW 2? 500 

1 620 %O 1550 2620 2 310 

0.03 0.3 0.6 0.66 0.7 
0.01 D.l 0.1 0.07 0.1 

2.6 46.0 47.0 4.0 30.0 

113 86.0 116 u.3 %.4 

0 D 0 0 D 

s - 

12 700 9 000 12 600 22 %Q 20 600 

36 BOO 25 3w 32 800 34 300 34 200 

w - - 

- - - - 

- w e - - 

- - - 10.1 

- - 10.2 -a 

1 306.65 9w.41 1 199.94 1 437.12 1393.56 

I 279.40 091.50 1 233.60 I 444.40 1 394.70 

l 1.35 -0.63 -2.41 -0.33 -0.05 

Rinse and 
serv1ce 
lnfllmlt 

7.6 

a 570 

1640 

12fM 

4.3 

4% 

127 

2 270 

206 

0.0s 

0.01 

4.5 

32.3 

0 

6wvfcc 
m 

7.7 

663D 

8wo 

1340 

4.1 

36.0 

57.1 

2 950 

280 

0.03 

0.01 

ID 

32.3 

0 

- - 

1 670 2Om 

3 620 3 2?0= 

- s 

e I 

6.7 6.6 

6.9 6.4 

141.53 134.23 

134.09 141.65 

l 2.37 -3.39 

'Questionable chemical analysis result. 
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MAJOR CATION 

N4 
MFU/L 

02WF 5% YG TH 
ST2FAU MEQ/L M-O/L 

FFFI.:IF+;T~ o.*n lO’r.7‘J 77.70 lt53.4h 
FFFI (tF.?iTa 

;FFil,Et.Ta 
1.3r 271.54 1 4 3 . .i 7 370.41 
2.17 ?I)‘).54 143.37 352.w 

IWCIIErlT~ 3.&n !iZ."Y 9n.s3 143.43 
EFFI !IF?.)TQ 
FFF;,,ENTa 

S.62 Ill-i.73 lllj.54 707.33 
9.117 6.0. Q6 103.54 i73.4n 

I:!FL!!iXT Q.3’! 15.47 47.OP hi!.SS 
FFFL~.I~:IIIT~ ln.r,o h4.M13 93.b2 153,&P 
EFFLIIF~~T~ 11.2s 53.43 73.hE 127.5= 
FFFL\tF.,Il” l?.lti kS.Ql hS.7h 111.67 
EFFLIIFDT~ 13.43 45.91 61.79 107.64 
k‘FFLll?*JT lf+.Q5 37.34 Sl.hfJ 
EFFLIJE’!T .77 1.43 2.15 
FFFI.I!F;-T .4fl . tin 1.70 
C:F=l-llF_t:T .4b .72 1.20 
I’tFL!,F?IT El.75 1n.w 32.71 
CIFFLUF~IT .40 .72 1.17 
IYFIstIE’IT 23.31 71.X 11.15 3?.51 
CFFL(IE@‘T r?L .3? .‘O .nn 1.29 
FFFLIJEtiT 3h.7l-l , 114 7.5% 3.19 
FFFLJIF,MT 4P.43 7.59 16.93 19.52 
FF=CilF’tT 4k.17 h.SY 21.91 Pti.50 
ItIFLIIFrrlT 44.5b 24.54 M.36 32.91 

<FFC!!FMT 43 .Q,r, 4.4’3 ?I .91 3h.‘ff’ 

$ample was diluted in the field (l/10). Values reflect undiluted concentrations. 
Questionable chemical analysis result. 

CFOV !PF 

44n.19 
1000.43 
llr10.4Y 
1091.7n 

5”* 17nn.b7 e 
136.0.59 

;;;;:;Q ‘. 

isn0.e 
ison. 
lC;Ofl.h5 

v-q.41 

iHn.08 
160.07 
lhn.07 
i?n.oS 
1qo.07 
lZO.~'S 
i5n.07 
\4O.M 

13 1) . II 6 

17n.os 
i70.05 
17R.65 

CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

CYCLE L.22.15 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.22.15 

TIUE-M-I5HTt@ 

t.vF:t/~r.E CI,!!CFEIT!?~,TI(J:~IS. UEi?/l- RE?OVAI. RESIM CAPACITY SFSI?I CPPACITY 

I”FLIEwT EFFLIJE’IT F IFFEHEFlCE * ER/L bwEr)/L ’ c(41k 

p7.55 1 .t1 %1.34 95 .991 
lh.lh 4.7p 9.3% 53 .?“‘R 

37.71 s.cli ?C..7? t(7 I.761 
170.05 I 4 4 . n n -13.34 
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MRJOR CATION CONCENTRRTIONS 
OF IX REGENERRTION EFFLUENT 
CYCLE L.22.15 

influent 0 Calcium Avg. influent 

0 Magnesium 
concentrations, men/L .--L'--s, men/L 

ATotal Hardness Ca++ %w- 
3 Reg 

15.5 15.5 
0 Sodium Mg++ 90:5 47.1 

TH 143 62.6 
90.5 47.1 

III 143 62.6 
Nat 1092 1309 

I t 
Reg 1 

Reg 2 t Reg 3 -I 

MAJOR Cf?TION CONCENTRRTIONS OF 
IX RINSE FiND SERVICE EFFLUENTS 
CYCLE Lv22.15 

,180 

0 Calcium Avg. influent 

0 Magnesium 
concentrations, meq/L 

Cat+ 
n Total Hardness Mg++ 22.6 

10.2 
0 Sodium TH. 32.7 

Na+ 120 

I(--- Rinse 
I- Service -4 

0 Y 8 12 16 0 13 26 39 
BED VOLUMES SE0 VOLUMES 

SODIUM INRI, CALCIUM [WI, RN0 MRGNESIUM (MGI CONCENTRRJIONS ARE MEASURED BY RTOMIC ABSORPTION. 
‘IOTRL HARDNESS iJH1 IS CRLCULRTED BY SUMMING THE CRLCIUM RN0 MRGNESIUM CONCENTRRTIONS. 

i 
! 



Ion-Exchange - Run L.23.00 

Date: 4/16/80 

Cycle: t.23.19 

Conditions: Feedwater - LaVerkin Springs - - 
Regenerants - fresh ED brine 

lime-softened, pretreated 

Source of backwash - IX feedwater 

Control variables: Fresh regeneration cont. (mq/L TDS-talc.) 
Fresh regeneration cont. (mg/L TDS-evap.j 
Fresh regeneration flow rate tL/minl 
Recycled-regenerant flow rate'(i/min) 
Recycled regenerant volume (L) 
Service termination point (meq/L Cat+) 
Heat exchanger used 
Packed bed iegeneration mode used 

(i.e., resin hold-down) 
SHMP concentration (mg/L) 

Target A;;u;;~ 

90 000 
24.0 24.0 
None None 
None None 
6.0 7.0 
No No 
Yes Yes 
100 100 

Standard resin bed: Height'= 1 300 mn 
Volume = 115.0 L 

Chemical Compositions of Tank Waters (Prior to Cycle) L.23.19 

Tank 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 

Lime-softened feed (T-10) 

Fresh ED brine (T-28) 

IX product/ED feed (T-33) 

Lime-softened feed (clearwell) 

PH Conduciivity 
units mS/m 

Cat+ tt 
meq/L !&& 

TH 
& 

7.0 1 360 

7.1 1 360 

6.2 9 620 

7.0 1 500 

7.1 1 380 

22.4 

21.4 

14.8 

1.2 

21.4 

9.2 31.6 

10.2 31.6 

43.2 58.0 

3.8 5.0 

10.2 31.6 

"The resin bed height at the end of the drain-down after Regen 1 was used as the 
standard resin bed height in calculating bed expansion. 

1 P’PUT OUTPUT 

FFEC’ 

(VFNT) 

FR HEGEFI 

CEF@ 

FEFD 

fVFN1) 

b’ASTF 

HASTF 

WASTE 

WASTF 

PPOOtlCT 

WASTF: 

OPERATING CONDITIONS 

CYCLE L.23.19 

D~JPATION THROIJGHPUT VOLIJMF 
M I N L BV 

10 235 2.04 

3 H-l .7h 

21 500 4.35 

15 340 2.ou 

177 5310 46.2 

2 30 .26 

2Gii 

97 

AvG FLOk PATE 
L/MI!1 bv/MIY 

23.5 ,704 

2q.n .?5? 

24.n .t09 

16.0 .13Q 

3n.n .7&l 

15.0 ,130 

33. 7A.Z 

0.0 

3.R 2P.5 

0.n 

0.0 

0.0 



Run L.23.00 
Cycle no. 

Fresh Fresh 
regenerant 
volume (Va) 

regenerant Service ED feed 
TDS 

Date L 
volume (V,) TDS 

mq/L L mg/L 2 V$(l-R)Vt 

09 4/14/80 599 93 690 5 230 9 160 90 1.15 
10 4/14/80 487 93 690 4 930 9 160 90 
11 

0.99 
4/14/80 371 93 690 4 050 9 160 90 0.92 

12 4/15/80 512 5 220 90 0.98 
13 4/15/80 508 5 070 90 1.00 
14 4/15/80 500 4 920 90 1.02 
15 4/15/80 500 5 280 90 0.95 
16 4/15/80 500 5 500 90 0.91 
17 4/15/80 501 5 310 90 0.94 
18 4/16/80 502 5 220 90 0.96 
19 4/16/80 500 5 310 90 0.94 

Fresh Regenerant Volume Balance 

Cycle L.23.19 

Influent and Effluent Compositions during IX Regeneration and Service 
(All samples composites except regeneration influent) 

(Analysis conducted at Denver on 6/20/80) 

PH units 

TDS (calculated) @l/L 

TDS (evaporated g 105%) q/L 

Conductivity @ 25°C 

Silica 

Calciun 

Hagneslum 

Sodium 

Potassium 

Iron. total 

Manganese. total 

Strontfum 

Bicarbonate 

Carbonate 

Hydroxide 

Sulfate 

Chloride 

T-alkalinity as CaCO, 

P-alkalinity as CaCOs 

l-phosphorus as PO,, 

E.F. [TOS(calculated)/cond.~ 

E.F. ~OS(evaporated)/condJ 

I Anions neq/L 

I Cations W/L 

Control value 

Reqentration 
tnfluent Effluent 

6.7 

89 270 

90 000 

9 220 

- 

512 

566 

29 A00 

2 660 

ND 

ND 

2.3 

28.1 

0 

- 

21 a00 

33 900 

- 

9.1 

9.8 

1411.46 

1440.00 

+0.52 

I 

Xi 890 

17 a00 

- 

- 

4 130 

1290 

20 600 

1 660 

NO 

ND 

47.7 

1.93 

0 

18 800 

29 400 

- 

1220.13 

1251.40 

-1.64 

Rinse and service 
lnfluent 

1.9 

8 540 

8 530 

1 250 

SCrViCC 
effluent 

7.6 

9 010 

a 570 

1 350 

451 28.8 

115 50.8 

2 310 2 940 

206 276 

ND ND 

NO ND 

4.8 0.2 

9.76 34.8 

0 D 

- 

1900 

3 550 

1 700 

3 oa@ 

- 

- 

6.8 

6.8 

139.66 

136.32 

6.7 

6.3 

147.97 

140.66 

to.59 t3.05 
a 

- Cycle L.23.19 

=Questionable chemical analysis result. 
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY 
I-^..-- -^^^^---A-. 
AlUMlC NtWJKl'ilUN 

CYCLE L.23.19 

SERVICF 
SFaVlCF 
SFRVICF: 
SFQVICE 
SERVTCF 
SFQVICF 
S~F)VICF 

PROCESS 
STREAM 

EFFLUFNT 
EFFLIIENT 
EFFL~:EP!T 
IElFLlrFNT 
FFFLIIE~JP 
FFFLUE?JT= 
FFFL~IFFJTO 
EF=Lt!ENTa 
FFFL~E~T 
F.FFC\IF?IT 
EFFLllEYT 
EFFLIJFIJT 
I”lFLLlFhJT 
EFFLl!FNT 
IWLllEI\IT 
EFFLIJF~~T 
EFFLIIFI.IT 
FFFLIIFI.IT 
I~IFLuF+JT 
FFFLIJFNT 

THROUGHPlJT 
HV 

0.00 21.4t-i 
1.23 19.96 
2.04 z.nob 
7.46 2q.55 
3.09 4OY.lY 
4.13 239.5% 
5.17 lW.!YH 
6.43 114.77 
0.00 211).!iG 

.97 1.05 
2.n9 .75 

CA 
FIEQ/L 

2.09 .70 
7.83 22.4h 

13.57 .7n 
?3.74 22.46 
25.04 .FIO 
3F.7H .qn 
43.52 2.79 
4B.?h 21.9h 
4b.Zh h.‘jY 

YG 
HFQ/L 

TH 
)rF.U/L 

13.17 34.63 
13.17 

l.blb 
33.13 

3.hlb 
46.5B 72.13 

lH1.07 SQ(l.?S 
115.73 354.75 

67.49 227.17 
62.55 177.32 

123.4bC 343.07c 
1.n7 %.l? 

.tJ2 1.57 

.7h 1.46 
9.Yn 32.33 

.no l.SO 
9;9* 32.33 

.RO i.hn 
1.65 7.54 

13.17 15.06 
10.70 32.56 
21.4n 7h.39 

NA 
MF.Q/L 

121.79 
171.79 

ln.oob 
1296.22 
lnno.43 
I3nn.57 
13nn.57 
lrnn.61 
?r)on.A7= 

170.07 
11;o.n7 
I6n.1’7 
170.ns 
15n.07 
120.0s 
lsn.07 
14n.nh 
130.0h 
170.05 
1Fyo.nr 

zample was diluted in the field (l/10). Values reflect undiluted concentrations. 
Apparently values should be multiplied by a factor of ten probably because of 
sample dilution error. 

Galues appear erroneous possibly due to some dilution error. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.23.19 

TIW-JE1GYTF.D 

AVERAGE CWCEWTR4TIOMSr MEOIL RFMOVAL RESIN CAPACTTY RESIN CAPACITY 

TNFLUENT EFFLUEFJT DIFFEHEkCE !5 EO/L w m/L *m/n 

CA ??.79 1.41 20.88 
In6 16.15 3.77 6.3&l 

TH 32.44 S.lH 27.2h 
h A i2n.t-6 145.06 -25.01 

94 ,964 
63 .ZQ5 
H4 l.FC;P 
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MRJOR CflTION CONCENTRATIONS 
OF IX REGENERATION EFFLUENT 
CYCLE L.23.19 

0 Calcium 
0 Magnesium 
n Total Hardness 

Avg. influent 
concentrations, meq/L 

RPfl 

0 Sodium Mg++ 46.6 
TH 72.1 
Nat 1296 

B!*' t 

0 2 4 s 
!3ED VOLUMES 

I 

I I 

i A 
13 

--I 

0 
'3ED VOLUMES 

SODIUM INAl, CFlLCIUM ICAI, FlND MAGNESIUM (MC) CONCENTRATKINS ARE MEfXURED BY AtOMIC RESORPTION. 
COTAL HARDNESS (THI IS CflLCULRTED BY SUMMING THE CflLCIUM FIND MFlGNESIUM CONCENTRATIONS. 

MRJOR CFlTION CONCENTRRTIONS OF 
IX RINSE FlND SERVICE EFFLUENTS 

L.23.19 
OCalcium 
~Magnesium 
ATotal Hardness 
OSodium 

Avg. influent 
concentrations, meq/L 

Cat+ 22.3 
Mg++ 10.2 
TH 32.4 
Nat 120 

52 



Ion-Exchange - Run L.24.00 

Date: 4/18/80 

Cycle: L.24.11 

Conditions: Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - fresh ED brine 
Source of backwash - IX feedwater 

Actual 
Control variables: Fresh regeneration cont. (mg/L TDS-talc.) 

Target 
- 84 750 

Fresh regeneration cont. (mg/L TDS-evap.) 90 100 
Fresh regeneration flow rate (L/min) 2410 24.2 
Recycled regenerant flow rate (L/min) None None 
Recycled regenerant volume (L) None None 
Service termination point (moo/L Ca++) 6.0 8.0 
Heat exchanger used Yes Yes 
Packed bed regeneration mode used Yes Yes 

(i.e., resinhold-down) 
SHMP concentration (mg/L) 100 100 

Standard resin bed: Height== 1 300 mm 
Volume = 115.0 L 

Chemical Compositions of Tank Waters (Prior to Cycle) L.24.11 

PH Conductivity 
Tank units mS/m 

Recycle regenerant (T-5) 

Spent regenerant (~-6) 

Lime-softened feed (T-9) 7.0 1 410 

Lime-softened feed (T-10) 6.7 1 400 

Fresh ED brine (T-28) 5.5 9 720 

IX product/ED feed (T-33) 6.0 1 520 

Lime-softened feed (clearwell) 7.0 1 390 

Ca* Mg* 
meq/L meq/L 

s 

TH 
meg/L 

21.6 9.8 31.4 

21.2 10.4 31.6 

14.8 40.0 54.8 

1.2 3.8 5.0 

21.4 9.8 . ikt 
=The resin bed height at the end of drain 1 was used as the standard resin 

height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.24.11 

DII~~PTIDN 
MODE I NF’UT OUTPUT !-lIN 

R4CKWA=H FEED WASTE 1 0 263 2.24 26.3 ,229 

DPPIN 1 (VE?JT) W4STF 3 c17 .?h 29.0 .252 

REGkN 3 FR HEGEN WASTE 22 520 4.52 23.2 .?02 

RINSE FEED WASTE 15 220 1.91 14.7 . l?R 

=.FRV ICE FEED PHODllCT 191 5730 49.8 3n.n .7hl 

PWAIN 2 (VENT) WASTE 2 30 .Zh 15.0 .130 

AVG FLLUr DATF 
L/MIh HV/VI!\I 

31. 30.0 

0.n 

3.8 ?9.5 

n.0 

0.n 

0.0 

101 



Run L.24.00 
Cycle no. Date 

04 4/17/80 
05 4/17/80 
06 4/17/80 
07 i/17/80 
08 4/17/80 
09 4/18/80 

10 4/18/80 
11 4/18/80 

Fresh Regenerant Volume 

Cycle L.24.11 

Fresh Fresh 

Balance 

regenerant regenerant 
Vol ume (V a) SDS 
.L mg/L 

537 
541 
541 

541 
538 

540 

540 

540 

Service 
Volume (V,) 

L 

ED feed 
TDS 
mg/C Va/(l-R)Vs 

5 180 90 1.04 
5 620 90 0.96 
5 610 90 0.96 
5 550 90 0.97 
5 700 90 0.94 
5 590 90 0.97 

5 550 90 0.97 
5 730 90 0.94 

Influent and Effluent Compositions of IX Regeneration and Service - Cycle L.24.11 
(All samples composites except regeneration influent) 

(Analysis conducted at Denver on 7/11/80) 

PH units 

TDS (calculated) W/L 

TDS (evaporated 0 10%) ng/~ 

Conductivity P 25% awn 

Silica WA 

Calcf m m9A 

Nagneslum @l/L 

sodium W/L 

Potassium OS/L 

Iron, total W/L 

Manganese. total agIL 

strontium W/L 

Bicarbonate W/L 

Carbonate M. 

Hydroxide mg/L 

Sulfate WL 

Chloride mplL 

T-alkalinity as CaCO, @Q/L 

P-alkalinity as CaCDs mg/L 

l-phosphorus as PO,, W/L 

E.F. 60s (calculattd)/rond.] 

E.F. DDS(cvaporated)/cond.] 

s Anions wl/L 

1 Cations mw/L 

Control value mePA 

, Reocneratton . 
lnfluent Effluent -- 

5.7 

64 750 

90100 

9 220 

5.1 

352 

470 

20 700 

2 300 

ND 

ND 

1.9 

15.9 

0 

- 

21 600 

31 300 

9.2 

9.8 

1 332.26 

1 365.60 

-1.61 

71 090 

74 000 

4.0 

3 660 

1 270 

19 600 

1 470 

NO 

ND 

41.0 

67.1 

0 

- 

16 100 

26 700 

- 

1 129.10 

1 187.50 

-3.32 

Rinse and 
service 
lnflvent 

7.7 

8 290 

0 710 

1 270 

9.4 

432 

117 

2 270 

188 

NO 

NO 

4.6 

32.3 

D 

1 930 

3 310 

- 

6.5 

6.9 

133.93 

134.61 

-0.31 

Service 
effluent 

7.8 

8 430 

a 700 

1 270 

10.0 

48.0 

66.3 

2 790 

266 

NO 

ND 

0.2 

32.3 

0 

- 

1 680 

3 340 

- 

6.6 

6.9 

133.93 

135.60 

-0.66 
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Table 

MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

CYCLE L.24.11 

MODE 

RPCL(b’ASH 
qACKU?ASH 

REGFN 3 
PEGFIb! 3 
PECFY 3 
REGFN 3 
RINSE 
PTNSE 
PINS? 
SEQVlCF 
SEPVICF 
SERVICE 
SERVICE 
SEPVICE 
SERVICE 
SEPVICE 
SERVICE 
SEPVjCE 

PROCESS ThROUGHPUT CA 
STREAM 

EFFLUEFJT 
EFFLIJENT 
EFFLUENT 
INFLUENT 
EFFLUENT= 
EFFLUENTa 
EFFLIJENTa 
EFFLUENT= 
EFFLUENT 
EFFL!IENT 
EFFLUENT 
EFFLUENT 
IlJFLUENT 
INFLUENT 
EFFLUENT 
EFFLtJENT 
EFFLUENT 
EFFLUEYT 
INFLllENT 
EFFLUENT 

SV 

Il.00 
1.37 
2.25 
2.52 
3.55 
4.81 
6.07 
6.52 
0.00 
1 .OL 
1.51 
1.91 
0.00 

17.22 
18.26 
19.83 
34.70 
36.52 
43.83 
43.03 

UEO/L 
*G 

MEO/L 

a.946 21 .‘32 6 
19.96 15.23 
?7.Sk 4.02 

17.sh 39.34 
387.23 132.51 
207.58 

12.77b 
HO.33 

13.386 
6.43b 
6.43b 

25.55 24.94 
1.44 1.60 
1.44 1.45 

.64 .hO 
23.95 9.63 
21.96 11.69 

.PO l.hn 
1.60 1.60 
2.40 5.62 
2.40 13.66 

22.36 9.43 
7.96 21.73 

TH 
MIEO/L 

FI A 

MEO/L 

51.2d 147.F19b 
35.19 113.9h 
31.96 113.96 
56.91 1248.37 

519.7* 930.04 
267.91 274.90b 

19.a-b 130.936 
lb.blb 13n.d 
50.A9 543.71 

3.04 210.55 
2.H9 158.33 
1.44 165.72 

33.58 113.90 
33.64 1 lci.27 

2.40 151.37 
3.20 137.45 
6.02 140.Y3 

16.06 134.41 
31.OP 106.57 
29.71 103.52 

$ample was diluted in the field (l/10). 
Questionable chemical analysis result. 

Values reflect undiluted concentrations. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.24.11 

TIMF-*t?IFYT’D 
AVERAGE CONCENTRATIONS~ #EQ/L REMOVAL RESIN CAPACITY QESIN CPPACITY 

INFLUENT, EFFLUE’dT DIFFERENCE x EQ/L r( EO/L l Wth. 

CA 32.75 
MR 10.31 
TH 33.07 .ps .k;c7W4 ',/i-C 
NA 111.93 

c 
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MRJOR CFH-ION CONCENTRATIONS 
OF IX REGENERATION 
CYCLE L.211.11 

0 Calcium 
o Magnesium 
A Total Hardness 
0 Sodium 

EFFLUENT 

Avg. influent 
concentrations, meq/L 51 

Ca++ 
Reg_ 

17.6 
Mg++ 39.3 50, 
TH 56.9 
Na+ 1 248 

i 
2 

MflJOR CATION CONCENTRRTIONS OF 
IX RINSE f4ND SERVICE EFFLUENTS 
CYCLE L.2Y.H 

0 Calcium 
0 Magnesium 

210 A Total Hardness 

0 Sodium 

Avq. influent 

0 2 Y 6 8 0 11 22 33 1 

SED VOLUMES SED VOLUMES 
SODSUM (NAI, C%CIlJM (CAI, AND MRGNESIUM (MGI CONCENTRATIONS ARE MEWJRED 9Y RTOMIc fi9SORPTION. 
.IOTRL HARDNESS (TM) Is ~RLCULRTED 9Y SUMMING THE ~RLCIUM RND ~~RGNESIUM CONCENTRRSIONS. 



Ion-Exchange - Run L.25.00 

Date: 

Cycl e : 

Conditions: 

Control variables: 

Standard resin bed: 

4/9/ao 

L.25.22 

Feedwater - LaVerkin Springs - - lime-softened, pretreated 
Regenerants - recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TDS-ca-lc.) 
Target 

- 
Fresh regeneration cont. (mg/L TDS-evap.) - 
Fresh regeneration flow rate (L/min) 33.0 
Recycled regenerant flow rate (L/min) 33.0 
Recycled reqenerant volume (Cl 800 
Seriice termination point (meq/L Ca++) 
Heat exchanger used 
Packed bed regeneration mode used 

Height'= 
(i.e. resin hold-down) 

1.410 mm 
Volume = 115.0 L 

6.0 
No 
Yes 

Actual 
95 160 
85 900 
30.6 
33.4 
791 
7.0 
No 
Yes 

Chemical Compositions of Tank Waters (Prior to Cycle) L.25.22 

PH Conductivity Ca++ TH 
pllJ units 

Mg++ 
mS/m meq/L meq/L meg/L 

Recycle regenerant (T-5) 7.3 9 080 41.0 94.0 135.0 

Spent regenerant (~-6) 7.2 9 010 42.0 89.0 131.0 

Lime-softened feed (T-9) 7.1 1 370 21.6 9.8 31.4 

Lime-softened feed (T-10) 7.2 1 380 21.6 9.8 31.4 

Fresh ED brine (T-28) 6.2 9 800 13.2 41.2 54.4 

IX product/ED feed (T-33) 6.9 1 490 1.6 4.4 6.0 

Lime-softened feed (clearwell) 7.2 1 370 21.4 10.2 31.6 

=The resin bed height at the end of drain-down after Regen 1 was used as the 
standard resin height in calculating bed expansion. 

nrrl P 1 P1SF FEED 

SFIRVICF: FFFD 

DRAIN i! (VEtIT 1 

$pflow rinse mode. 
Downflow rinse mode. 

fNlTPlIT 

WASTF 

WASTF 

SP HEf;EtI 

SP RFGEN 

WASTE 

WASTF 

PPODI ICT 

WASTE 

OPERATING CONDITIONS 

CYCLE L.25.22 

DIIHATIO~~ THROIIGi+‘=IJT VOLIJ’4F. 
M I N L RV 

10 247 2.15 24.1 .215 33. 19.1 

2 58 .sn 29.0 .?S? 0.0 

74 791 6.68 33.1 .?t3R .a 17.4 

13 57s s.00 3n.6 .766 4.6 19.4 

1Z ‘jns 3.35 3?.1 .?79 0.0 

20 3nn 2.61 is.0 .13n n.o 

193 CiPnn 50.4 30.1 .261 0.0 

2 30 .26 15.0 .l?n n.n 

lre2. 
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Fresh Regenerant Volume Balance 

Cycle L.25.22 

Run L.25.00 
00. Cycle 

12 

13 
14 

15 
16 
17 
18 
19 
20 
21 
22 

Fresh Fresh 
regenerant regenerant Service 
Volume (Vj) TDS 

Date 
volume (V,) 

L. mq/L L 

4/7/80 495 5 310 
417180 500 5 990 
417180 497 5 530 
4fafao 499 5 740 
4/8/80 570 5 790 
418180 570 5 630 
4/8/80 117 4 980 
4/8/80 573 5 580 
419180 573 5 430 
4/g/80 570 5 670 
4/g/80 575 5 800 

ED feed 
TOS 
mq/C 2 V$(l-R)VL 

90 0.93 
90 0.83 
90 0.90 
90 0.87 
90 0.98 
90 1.01 
90 0.23 
90 1.03 
90 1.06 
90 1.01 

90 0.99 

Influent and Effluent Compositions during IX Regenerations and Service - Cycle L.25.22 
(All samples composites except regenerations influent) 

(Analysis conducted at Denver on 6/20/80) 

PH units 

TOS (CalculaCed) w/L 

TDS (evaporated @ 105%) mg/L 

Conductivity @ 25% mS/m 

Silica W/L 

Calciu m9lL 

Nagnesium W/L 

sodiul W/L 

Potassium ngb. 

Iron. tote1 mg/L 

Manganese, total W/L 

strontium WA 

Bicarbonate W/L 

Carbonate W/L 

Hydroxjde W/L 

Sulfate W/L 

Chloride W/L 

T-alkalinity as taco, awl/L 

P-rlkallnfty as CaCO, nglL 

f-phosphorus as PO,, agiL 

E.F. [TOS(calculated)/cond.] 

E.F. ~OS(evaporated)/cond~ 

L Anlonr meq/L 

t CatIons m&L 

Control value mew 

Regen 1. 2 
influent 

Regen 1 
effluent 

Regen 2 
effluent 

74 420 38 110 73 700 

77 400 47 100 75 500 

0.5 0.5 

800 3 070 

1 200 1 170 

23 800 a 860 

1 a10 778 

NO NO 

NO NO 

27.3 37.8 

11.0 11.0 

0 0 

- s 

13 000 7 a20 

33 800 16 400 

- - 

0.5 

2 530 

1 390 

22 300 

1 570 

NO 

NO 

38.0 

11.0 

0 

1 222.18 

1 214.70 

a39 

- 

e 

625.18 

654.90 

-3.03 

12 aoo 

33 100 

- 

- 

- 

- 

- 

1 200.18 

1 248.30 

-2.57 

'Questionable chemical analysis result. 
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Rcgcn 3 
fnfluent -- Effluent 

7.1 

95 160 

85 900 

9 220 

6.3 

a00 

1 320" 

30 600 

1 990 

NO 

NO 

- 

42.1 

0 

- 

27 ZOO 

33 200 

- 

- 

- 

10.3 

9.3 

1 502.69 

1 528.90 

-1.12 

94 660 

aa 000 

0.5 

1 120 

781 

30 loo 

2 150 

NO 

NO 

25.7 

11.0 

0 

27 100 

33 400 

1 507.18 

1 485.10 

+0.94 

Rinse 6 Service Service 
influent effluent 

7.5 7.3 

a 530 a 900 

8 630 a 440 

1 270 1 350 

10.7 11.5 

432 48.0 

129 56.6 

2 270 2 940 

210 271 

NO NO 

ND ND 

4.1 0.3 

34.8 34.8 

0 0 

- 

1 a20 

3 620 

- 

- 

6.7 

6.8 

140.47 

136.17 

+l.aa 

- 

1 920 

3 620 

- 

- 

- 

6.6 

6.3 

142.57 

141.98 

40.25 



MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

SFRVI clF 

0.00 37.92 
1.29 234.53 
2.15 214.57 
3.87 3Y.92 
5.60 99.90 
9.05 h9.P.h 
9.59 39.92 

IO.17 69.4b 

Il.18 *a.an 
17.25 43.91 
14.11 

1.67b 
41.92 

3.39 
3.35 ?.70 
3.35 14.47 
4.65 2.70 
S.9h a2.40 
fi.9b l.f!O 
9.09 PI .bb 

11.71 1.60 
2Y.43 21 .Y6 
29.74 1.40 
41.50 1.40 

47.51 2.79 
53.52 4.9’) 
56.39, 21.96 
5h.39 6.99 

19.75 57.68 
19h.3W 390.91 
172.84 387.41 

9R.77 138.69 
98.77 19h.57 
90.53 lh(1.40 

lnR.64 148.56 
69.96 139.87 
57.61 107.51 
55.97 49 .YE 
50.21 92.17 

4.2n 7.59 
.60 E.HO 

9.05 13.52 
2.34 4.59 
1.23 3.63 
I.81 3.61 

12.35 33 .RO 
I.56 3.16 
9.1)s 3i.n) 
1.33 2.63 
1.23 2.63 
9.84 12.h7 

pn.5r1 95.97 
1.1 .5? 33.&P 
70 .se 27.54 12n.w 

iSample was diluted in the field (l/10). Values reflect undiluted concentrations. 
No sample of the rinse effluent was collected at the beginning of the mode, therefore the 
first reported throughput BV is for the sample collected at the midway point of the rinse 

iSample collected during upflow rinse. mode. 
Sample collected during downflow rinse. 

PRnCFSS 
STRFAM 

EFFL!IFNT4 
FFFLIJENT4 
E FFl llFNT OL 
IIIFL\IE~JI u 
FFFLIJEkT= 
EFFLIIEFIT= 
I~IFI.IIFP!T 
EFFLllFWT4 
FFFLUEMT” 
EFFLI!E+JT’ 
EFFLIIElr!T= 
FFFL\IF~lT 
EFFLllE”IT 
EFFLIIF~IT 
EFFLllENT 
EFFLIIENT 
EFFLlIFWT 
IN=L(IEbIT 
EFFLIIF~T 
I tJFLIlFWT 
EFFLUWT 
EFFLIJF~JT 
EFFLI.IF~JT 
EFFI-l)F”IT 
IF’FLIIFVT 

THROUGHPUT CA 
icV h*Fn/L 

CYCLE L.25.22 

MG 
MEO/L 

TH 
kFO/L. 

NA 
km/L 

300.13 
1oon.43 
lln0.48 
1035.23 
1300.~7 
13nn.57 
1331 .Ol 
15on.rjS 
i5nn.65 
15n0.65 
15011 .h5 

190.08 
160.07 
140.06 
lhn.07 
14n.nh 
150.~~7 
12n.05 
lhn.07 
li3n.06 
150.n7 
150.07 
140.05 
130.06 
im.05 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.25.22 

AVFRAGE CONCENTRATIONS, MEO/L 
I’IFLUENT 

RFMOVAL 
EFFLLJE%IT DIFFERENCE 

RESIN CAPACTTY 
TIYF-WEIGHTFD 

% 
RESIN CADACITY 

EQ/L )HFC)/L e 8%(/W 

CA 31.79 2.01 15.78 
vcl 10.97 4.411 6.57 
TM 32.76 6.41 26.36 
NA 173.39 141 .s9 -14.14 

91 
60 
80 

.99A 

.331 
1.329 

107 



1/03W
 

‘SN
03Lti8LN

33N
03 

tiN
 

1/03N
 

‘SN
031&U

.N
33N

03 
108 



Ion-Exchange - Run L.26.00 

Date: 

Cycle: 

Conditions: 

Contml variables: 

Standard resin bed: 

4/12/80 

L.26.14 

Feedwater - LaVerkin Springs 
Regenerantr - 

- - llme-softened. pretreated 
recycled regenerant and fresh ED brine 

Fresh regeneration cont. (mg/L TOS-talc.) 
Fresh regeneration cont. (mg/L TOS-evap.) 
Fresh regeneration flow rate (L/min) 
Recycled regenerant flow rate (L/min) 
Recycled regenerant volume (L) 
Service tenination point (meq/L Ca++) 
Heat exchanger used 
Packed bed regentra;{o: mode used 

Height% 1 330 mn . ** 
resin hold-down) 

VolImle * 115.0 L 

3310 
33.0 
600 
6.0 

KS 

% 
I 660 
2 wo 

Chemical Compositions of Tank Waters (Prior to Cycle) L-26.14 

PH Conductivity Ca++ TH 
Tank units mS/m 

w+ 
?!gg& a * 

Recycle regenerant (l-5) 6.9 9 200 40.0 66.0 126.0 

Spent regenerant (l-6) 6.8 9 220 39.0 68.0 127.0 

Lime-softened feed (l-9) 7.1 1'.410 21.4 10.4 31.8 

Lime-softened feed (T-10) 7.0 1 400 21.4 10.4 31.8 

Fresh ED brine (T-28) 6.2 9 730 17.6 47.6 65.2 

IX product/ED feed (l-33) 6.9 1 550 1.4 4.4 5.6 

Lime-softened feed (clearwell) 7.1 1360 21.8 10.2 32.0 

'The resin bed height at the end of drain-down after Regen 1 was used as the 
standard resin bed height in calculating bed expansion. 

OPERATING CONDITIONS 

CYCLE L.26.14 
RED 

OUt?ATION TWOUGHPUT WLUUE 
MIPF 1WVl 

AVG FLOW R(blF EXPAWION lfMPER4TU!3E 
OUTPIIT ” IN L RV L/KIN AV/MIY v, C 

PrC.CN I 9f REtTEN YASTF 10 E30 7.00 23.0 .200 41. 

Ol?AIN I IVENTI NCSTE 7. 49 .43 24.s .213 0.” 

PEGF!) 2 4E PEGEY SP RFGEN 24 IV8 6.94 33.1 .?PR 6.4 

WGfY 3 FP PEGElI SP RfGEN la 601 5.23 33.0 .?Rl n.n 

0NN .INSEa FFEO NASTE 1 20 .I7 20.” .I75 0.0 

: 
, I,FP WWEb FfFD NbSTE Ill 771 2.3h 27.1 .236 0.0 
I 
i nFP PI)ISFc FFFD 
L 

YASTf. 1” znn 1.74 2n.o .17r n.n 

“AN QIVSC’ FtFU WASTE 1 20 .I7 2n.F .174 0.0 

SEPVICF FECO PanwcT znn flnoo 52.7 30.0 .261 n.n 

nPblrl 7 IvEr~ll u4srr: 30 .26 1s.n .13" n.0 
a 
bDownflow rinse mode. 
cUpflow portion rinse of the concurrent upflow/downflow rinse mode. 

Downflow portion rinse of the concurrent upflow/downflow rinse mode. 

25.4 

16.5 

19.4 
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Run L-26.00 
Cycle no.. 

04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 

Fresh Regenerant Volume Balance 

Cycle L.26.14 
Fresh Fresh 

regenerant regenetant Service ED feed 
volume (Vj) TOS volume (Vs) TDS 

Date L mq/L L mdL -;- V$(l-R)'lr 

4/10/80 
4/10/80 
4/10/80 
4/11/80 
4/11/80 
4/11/80 
4/11/80 
4/11/80 
4/12/80 

4/12/80 
4/12/80 

602 5 710 90 1.05 

604 6 260 90 0.96 

65 4 920 90 0.13 

598 5 700 90 1.05 

599 5 940 90 1.01 

601 5 940 90 1.01 

600 5 490 90 1.09 

599 5 760 90 1.04 

599 5 950 90 1.01 

598 5 610 90 1.07 

601 6 000 90 1.00 

Influent and Effluent Compositions during IX Regenerations and Service - 
(All samples composites except regenerations influent) 

(Analyzed at Denver on 6/20/80) 

w units 
TDS (Calculated) m9/L 

TDS (evaporated C 105%) q/L 

Conductivity @ 2SoC Wm 

Silica W. 

Calciull mg/L 

Nagnesim mg/L 

Sodfun WL 

Potassium W/L 

Iron. total rig/L 

bwnese. total W/L 

Strontfum W/L 

Bicarbonate W. 

Carbonate rig/L 

Hydroxide &l/L 

Sulfate m9/L 

Chloride W/L 

I-alkalinity *s taco, W/L 

P-alkrltnity IS C&D, q/L 

T-phosphorus as Par WL 

E.F. 6DS(calculated)/cond] 

L.F. ~OS(e"aporated)/cond.-j 

r AnJl(ons neWL 

r Cattons rq/L 

Control value ml/L 

Regen 1. 2 
fnfluent 

- 

79 480 

77 600 

Regen 1 
effluent 

Regen 2 
effluent 

45 640 76 200 

44 000 77 800 

0.4Q 0.60 0.4'L 

816 2 960 2 640 

1 160 1 370 1 350 

25 100 11 100 22 loo 

2030 794 1 740 

ND ND ND 

ND NO ND 

2.6 3.5 3.9 

73.2 67.1 67.1 

D 0 0 

14 100 

36 200 

- 

7 350 

22 000 

- 

- 

- 

IS 600 

32 700 

- 

- 

- 

- - 

1 314.20 774.10 

1 277.80 762.30 

l 1.78 w.97 

1 245.10 

1 247.40 

-0.12 

Roqen 3 
Influent Cffluent 

7.1 - 

91 660 100 650a 

92 800 89 100 

9 220 - 

5.1'1 0.54 

464 1 120 

605 947 

306& 33 200’ 

2860 2 420 

ND NO 

ND NO 

2.7 2.5 

27.5 67.1 

0 0 

- 

22 600 19 600 

34 500 43 3004 

- - 

- - 

9.9 _ 

10.1 _ 

1 443.45 1 629.10 

1 475.90 1 635.60 

-1.44 -0.26 

Rinse 6 Service Servlce 
influent effluent 

7.5 7.6 

8 430 8 750 

8 580 8 550 

1 300 1 350 

11.0 11.7 

448 35.2 

127 85.9 

2 230 2 790 

208 279 

NO ND 

ND ND 

4.7 0.3 

34.8 43.9 

0 0 

- 

1890 

3 480 

- 

- 

1800 

3 620 

e - 

6.5 6.5 

6.6 6.3 

137.97 141.92 

134.93 136.93 

t1.35 t2.16 

Cycle L.26.14 

%uestionable chemical analysis result. 
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MAJOR CATION CONCENTRATIONS OF SAMPLES ANALYZED BY ATOMIC ABSORPTION 

PEfIEI.1 1 

REGFr: ? 
PF5E:J ? 

PCGFN 1 

PEGEN i! 
UFGFY .? 
RECFrJ 7 
REGFPI 3 
RFGFN 3 
PEGFN 3 
RFC-EY 3 
COFJ Q1XE; 
CO!! a I:rSE 
rnr! Pl:JSE= 
f-u= t?rksEd 
~FRVICE 
<FEVTCF 
SERVTCF: 
TFQVTCF 
5EPVlt.F 
<FRvTCF 
ZEQVICF 
SEQVTCF 
SFQvICF. 

EFFLIJEFIT~ 

EFFLI.IF~lTa 

INFLIIENTa 
EFFLUENTa 

EFFL~IE~JTQ 

EFFLuFNT~ 
I”‘FLUCYT 
EFFLUENTa 
FFFLllF!lTQ 
EFFLUENT= 
EFFLIIFYTQ 
EFFLIIENT 
~FFLIJFFJT 
EFFLIJFNT 
F FFLIJEb!T 
FFFLIIF?IT 
ItiFLltErCT 
FFFLVE~IT 
I~‘=LuEYT 
FFFLIIE~~T 
FFFL\IFfilT 
F.FFLlIF.‘NT 
INFL~JENT 
EFFLIIE~IT 

CYCLE L.26.14 

0.00 49.90 
1.20 239.%2 
2.00 234.s3 
3.73 40.72 
5.4b lOk.79 
8.91 h9.Ah 
9.49 23.15 

10.07 ho.q7 
11.51 54.R9 
12.bb 43.91 
14.11 77.9? 

.17 35.93 
2.72 12.97 
4.27 3.9’1 
4.44 1.35 
4.lr4 1.40 
7.57 22.45 

11.7s .qn 
2Y.73 72.95 
39.53 .w 
43.57 1.W 
so.10 3.?9 
54.6? ?3.&6 
56.b% 7.49 

27.16 
lM.15 
lSh.38 

95.47 
i07.no 
107.00 

49.79 
71.60 
64.20 
56.79 
53.50 
61.73 

3.79 
l.Rl 
2.22 
1.W 

16.70 
L55 

in.70 
.QY 

R.S4 
lR.11 
ln.7n 
22.32 

77.06 
387.67 
390.91 
136.19 
211.79 
176.86 

72.9s 
13c..4R 
119.ns 
ion.70 

91.42 
97.66, 
16.76 

S.Pfl 
3.57 
3.Y)h 

33.65 
3.35 

-47 hE( -. . . 
1.7y 
4.74 

31.40 
33.15 
74.71 

3nn.09 
9nfJ.39 

inno. 
1nQi ,7Fj 
i3nn.57 
1400.61 
1331.Ulb 

:%::;b 
im~.70 
15nn.hS 
l?"r) .s4 

250.11 
i6n.n7 
ihn.07 
ihn.97 
im.05 
ihn.n7 
im.ns 
Isn.n7 
14n.Ob 
13n.w 
11n.‘)s 
130.05 

$ample was diluted in the field (l/10). Values reflect undiluted concentrations. 
,Questionable chemical analysis result. 
&oncurrent upflow/downflow rinse effluent. 

Downflow rinse effluent. 

SERVICE PERFORMANCE SUMMARY 

CYCLE L.26.14 

AVlfRAGE CO~CENTQBTIONSt MEI)/L PFMOVAL 

I%FLIJF~JT EFFLlJFNT 01 FFEt?ElJCE ?i 

73.75 1.64 21.14 91 
in.70 5.36 5.34 so 
33.49 7.ni 2h.4R 79 

116.72 147.01 -30.30 

RESIN CAPACITY 
EQ/L 

TIMF-WEIGHTED 
RESIN CAP4CITY 

@GE’)& . r++i* 

1.103 
.?7R 

1.3hl 

r*27 3.97 
rpo- /toe 

- Ye?7 
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MQJOR CATION CONCENTRflTIONS 
OF IX REGENERRTION EFFLUENT 
CYCLE L.26,lY 

0 Calcium 
0 Magnesium 
A Total Hardness 
0 Sodium 

Avg. influent 
concentrations, meq/L 

Ca++ 
Mg++ E.L& 95:5 R;; 4918 ; 

TH Na+ 1092 136 73.0 
1331 

0 Y 8 12 1s 
SED VOLUMES 

MRJOR CQTInN CONCENTRRTIONS OF 
IX RINSE f?ND SERVIKEFFLUENTS 
CYCLE L,26,lY 

151 H 0 Calcium 
0 

.7 0250 
Magnesium 

A Total Hardness 
.7 0 Sodium 

I 

I 

Avg. influent 
concentrations, me 

Cat+ 22.8 
Mg++ 10.7 
TH 
Nat 

33.5 
117 

0 15 30 Y5 E 
!3ED VOLUMES 

SODIUM INAl, CALCIUM ICAl, AND MAGNESIUM [MGI CONCENTRATIONS FIRE MEASURED BY ATOMIC ABSORPTION, 
'IOTAL HARDNESS ITH) IS CALCULATED BY SUMMING THE CALCIUM RN0 MAGNESIUM CONCENTRA-rIONS, 



APPENDIX C 

Computer Program for Calcium-Sulfate Supersaturation 
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10 PROGRAM JUNMNR 
20 THIS PROGRAM CALCULATES THE Fi~iOlUNT’ OF CHLCIUM 
30 SULFATE PRECIPITHTED FROM A 5 bJ 6: E 2 L, -‘APURHTED !SOLUTION 
40 EASED ON C&04 SOLUEILITY FOR H PHRTICULHR SEMPERATURE. 
50 JOHN KAAKINEN 9183 
60 OPTION EASE 1 
70 PRINTER IS 7,l 
80 DIM H$C401,B$C701,C$C701,DBC761,E$C761,T(21>,~~20~,R~20~~ 
30 IlISP “MARSHHLL PROGRRM - C&04 SOLUEILITY” 
100 WAIT 1000 
110 I ndex=0 
120 INPUT “SAMPLE DESCRIPTION ?I’, R8 
130 INPUT “TEMPERATURE ?‘I, T 
140 I=1 
150 T<I)=T 
160 RCI>=TCI>+273.2 
170 DISP “ENTER SHMPLE HNHLYSI S C mg/‘L > j ENTER 0 IF NOT DETECTED,/USED” 
180 WAIT 1000 
190 INPUT CATION DATA 
200 Ca=0 
210 INPUT “CALCIUM (Ca) ?“,Ca 
220 tlcao=Ca~40080 
230 Mg=0 
240 INPUT “MAGNESIUM Ctlg> ?“,tlg 
250 Na=0 
260 INPUT “SODIUM (Na) ?“,Na 
270 K=0 
280 INPIJT “POTASSIUM CK> ?“,K 
290 Fe=0 
300 INPUT “IRON (Fe> ?“,Fe 
310 Mn=0 
320 INPUT “MANGANESE CMn> ‘?“,Mn 
330 Sr=0 
340 INPUT “STRONTIUM (Sr) ?“,Sr 
350 Ba=0 
360 INPUT “EFIRIUM CEa> ?“,Ba 
370 INPUT ANION DATR 
380 Hc a3=0 
3 9 0 INPUT “EICHREONATE CHC03> ?“,Hcu3 
400 Co3=0 
410 INPUT “CAREDNATE C CO3> ?I’, Co3 
420 So4=0 
430 INPUT “SULFATE <SO4> ‘?‘I, So4 
440 Cl=0 
450 INPUT “CHLORIDE (Cl ‘, ?“,Cl 
460 Po4=0 
470 INPUT “PHOSPHATE (PO41 ‘?“l Pu4 
480 CONVERSION TO MILLIEG!UIVALENTS 
490 Eca=Ca/20.04 
500 Emg=Mg.‘l2.16 
510 Ena=Na.x22. 99 
520 Ek=K.‘39.1 
530 Efe=Fe,27.32 
540 Emn=tlnj27.47 
550 Esr=Sr,43. 8 1 
560 Eba=Ea/68.67 
570 Ehco3=Hco3,61.02 
530 EC 03=Co3/‘30.0 
590 Ess:14=So4.,‘48. 02 
600 Ecl=C1.‘35.45 
610 Epo4=Po4,3 1.65 
620 CONVERSTON TU MOLES 
6 :s 0 tl c a= 0 a.’ 4 0 0 C; t. 
640 tl M g = M g .a’ 2 4 3 1 2 
650 Mna=I1a,‘22990 
660 Mk=K,39102 115 



670 Mf e=Fe/55847 
680 tlmn=tln~54938 
690 rlsr=Sr,87620 
700 Mba=Bw’ 137340 
710 Mhco3=Hco3,61016 
720 MC 03=Co3,60008 
730 tlso4=So4.~96060 
740 Mcl=C1~35453 
750 Mpo4=Po4,94970 
760 ! SUMMATION OF CATIONS HND HNIUNS Ce-rlILLIEBUIVHLEt~~T, m-MOLES> 
770 Scat =Ca+Mg+Na+K+Fe+Mn+Sr+Ba 
780 San=Hco3+Co3+So4+Cl +Po4 
7 9 0 Set at =Eca+Emg+Ena+Ek +Emn+Esr+Eba 
800 Sean=Ehco3+Eco3+Eso4+Ec 1 +Epu4 
810 Smc at =Mc a+Mmg+Mna+Mk +Mf e+Mmn+tlsr+tlba 
820 Sman=Mhco3+Mcu3+Ms~4+tlcl+rlp~4 
8 3 0 ! IONIC STRENGTH CHLCULATION 
840 U=9*tlpo4 
350 V=4* (MC a+Mmg+Mf ~+tlmr~+Msr+tlba+tlc o3+tlso4 > 
860 W=Mna+Mk +Mhc o3+Hc 1 
870 IorlStr=. s*Cu+v+w> 
8 3 0 I PRINT OUT CATION HNIl IONIC CONCENTRATIONS 
890 P R I N T L I N C 1 11 ; ~~_-_-__-___-____--_____________________------------------ 
--------- 11 
900 
II 

920 
930 
940 
950 
q 6 0 
970 
qF;0 
q ‘3 0 
1000 
1010 
1020 
10:>0 
1040 
10.50 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 

1210 
1220 
12:30 
1240 
1250 
12613 
1270 
1280 
1 2 9 0 

PRINT H$;LItJ~Z~ 
IMAGE “CALCIUM (Ca>“l3X,DDDDD.DU,9X,DDD.DD,8X,DDD.DDU 
I MRGE “MHGNESIUM Ctlg:) ” 11X, DDISDI!. DII, 9X, DDIl. DII, 8X, ISDD. BIlD 
I MHGE “suIlIuM CNa> ” 14X, DDDDII. DIS, 8X, DDDD. UD, 7X, DDDD. IiDD 
I M H G E “PUTHSSIUM (P04>“10X,DDDDD.DD,3#,DDD.rD,SX,DD.DDD 
I MHGE “IRON (F~>“lTX,DDnD.DD,SX,DDU.DD,SX,DU.DDD 
I tl H G E “MANGHNESE ~M~~~“~~X,DDD~.D~,~X,~~~.~~,~~~,~II.~~~ 
IMAGE “STRONTIUM CSr>“l2X, DIiI3Il. IiD, 9X, DIED. DIS, 9X, 13Is. DDD 
I MHGE “BHRIUM (B.~:~“~SX,~DDD.DD,SX,~~~I,~~,~~~~~I~.~~~ 
I MHGE “BICAREONFITE CHC031”7X, DDDIID. DD,SX, DDD. IID, 8X, I3DI3. IlDD 
I MHGE “CHRBONHTE C CO3 > ” 10X, DDDDD. DD, 9X, DDD. I3D, 9X, iJI3. DISIS 
I MHGE “SULFHTE (SCI~>“~~X,UDDUD.DD,SX,DDD.DD,~X,DDD.DDD 
IrlHGE “CHLI:IRIDE (Cl >“lZX, DDDDD. nD,‘Z’X, UISD. I1D, 8X, IIDD. DD13 
I MHGE “PHOSPHHTE (PU4>“11X,DDDD.DD,SX,DDU.DD,SX,DD.DDD 
PRINT B$;LINCl> 
PRINT USING 930;Ca, Eta, 1000*Mca 
PRINT USING 940; Mg, Emg, rlmg~1000 
PRINT USING 950; Na, Ena, Mnarl000 
PRINT USING 960; K, Ek, tlk*l000 
PRINT USING 970; Fe, Efe, Mfe*1000 
PRINT USING 980; Mn, Emn, Mmn+1000 
PRINT USING 990;Sr,Esr,tlsr*l000 
PRINT USING 1000;Ba,Eba,Mba*1000 
PRINT LINCl);CB;LINCl~ 
PRINT USING 1010; Hco3, Etico3, Mhcu3+1000 
PRINT IJSING 1020;CoS,Ecu3, tlco3*1000 
PRINT USING 1030;So4,Esu4,Mso4*1000 
PRINT ClSING 1040;C1,Ecl,Mcl*l000 
PRINT USING 1050;Po4,Epo4,Npu4*1000 
PRINT LINI: 1:~ 
I MHGE “SIJMMi=fTI~N rJF CfiTIOt.IS = “2X, DKIDU. II, 2X”maq...‘L” 
I HHGE ” s IJ MM H T I cl 1.4 III F H 14 1 0 14 s = ” 2 )< ~ 11 II II 11 . Is ) 2 >,< ” riu e q ./ L ” 

I MHGE “HATIc CHTIONS: HNIONS = “2X, IIII. I3D 
PRINT USING 1220;Secat 
PRINT USING 1230; Sean 
Rat i o=Secat .Sean 
PRINT USING 1240;Rat.iu 
Tds-SC at +San 116 



1300 IMAGE “TDS CSUrlMHTIONj = “2X, DISDDIS. D, 2X”mg,..‘L” 
13 10 PRINT USING 1368; Tds 
1320 IMRGE “IONIC STRENGTH = “2X, Is. DISDDD 
1330 PRINT USING 1:320; Ionstr 
134B IF Index=1 THEN GOTO 2050 
1350 .J= 1 
1:3r;0 1; 1 = 1 0 .“. 1:: 3 9 0 . 9 6 1 9 - 1 5 2 . ~~~&+LI;TCHC:J> j-12545 . 6 ./ H ( J > + . 0 8 1 8 4 9 3 + H ( J ::a j 
,1 2: 7 0 1:2=10+~(-15y. 54+62. 15rLGT<~(.Jjj+4~1Ei. &,xHc:.J j-. 046298sH c: J > j 
1 :3 8 13 IF CHCJ>X=273> OR CH<.Jj>=550> THEN 2060 
1:390 IF HC.J>>373 THEN 1420 
1400 Dhsl up=. 88987*ACJ>“.6939 
1418 GOTO 1430 
1420 Dhsl up=. 00008049*HC J>“l n 5BC 
1430 Para=l. 6-. 155*EXPC-. 02054*TC J> > 
1448 Gypsl=. 0889EXPC-. 8685*TCJ>> 
1458 GypsZ=. 02*EXPC-. 81336*TcJ>> 
1468 C3=Hso4,Mc a 
1470 s1 Qpl=C3*rlca*Z 
1480 1: 4 = I * 1-j 2. t. t-’ * ( . 0 5 8 3 8 - . 0 0 3 2 6 * I Q t-l 5 t, f- + . 0 0 0 1 2 4 E: ‘3 * 1 Q t-, 5 t, 1” .*.. 2 j 
1 4 ‘3 13 c:5= Ionstr*<. 997-. 81883*Ionstr> 
1500 C6=0 
1516 c7=1 
1528 FOR I=1 TO 160 
1 5 3 13 C:S=Mc a+C7 
1540 C9=Hmg*C7 
1550 PraC U’J= 1 Ot-,st r*C:7-4*C6 
1560 ClB=l~lwlB”I8~Dhsl ,~,p*:315!R(Pt-.~.~01..,:‘...‘( ~+P.~~‘..~~SQRI:F’~‘~C,~,‘.J::I >+l~!:,~psl*P~r,~,~, 

,J - r, y p 5.2 Q P 1% Q 1: 0 <> A 2 j 

I::14=1213*( .@5838-. 0 0 ;3 2 6 * c 1 3 + . 0 0 0 1 2 4 8 83 + c 1 13 A 2 j ,.., c 4 
~15=~13*(.997-.01i3~3*c13),c5 
R=100-100,xC15 
IF HBScC:12-1 j-. 005(0 THEN GUT11 1940 
:; ,z 1” = ( rlso4wC 12-CE; ‘I .., I M,: awC 12 j d 
IF Sc v< 1 THEN GOTO 1740 
C.31 t-,=Mc a*~: 12 

rlso4=Hso4-tic a+Cal n 
ric a=cai n 
GUTO 1770 
SIJ 1 n=rq5Q4wC 12 
tic a=Mc a-rlso4+Su 1 t-1 
ri 5 0 4 = s u i t7 

ca=ric.~w40030 
So4=Mso4*96060 
EC a=CacxZO. 04 
Eso4=So4,48.02 

I 1.4 E 14 S IJ M PI 17 T I 0 t.4 ICI I= C H T I 0 t.4 !S H t.4 11 A t.4 I 0 t4 ::; [: e - PI I L L I E 12 l-1 I ‘4 H L E t.4 T ~ ii1 - PI ICI L E :‘_; :I 
!3c .at =Ca+tlg+Na+K+F~+Mn+Sr+Ba 
r. - o~n=Hco:3+Co3+So4+C 1 +Po4 
Slf t at. =Ec a+Emg+Ena+Ek +Emn+Esr+Eba 
Se.~t-~=Ehc 0:3+Ec Q:~+EsQ~+E,: 1 +Epo4 
Srnc at =ric .~+MhIg+Mt-Id+bik +tlf’e+tlr~ti+Msr+rltld 

S rn an = M h c 03 + rl I: o 3 + M s u 4 + rl c 1 + tl p o 4 
I N E W I 0 t.4 I C S T R E N G T H C H L C LI L A T I 0 N 

IJ = 9 8 M p ,:a 4 



1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 

Caprt=(Mcao-Mca>*l000 
PRINT LINCl) 
IF Caprt<B THEN GOT0 2110 
D$=“NEW COMPOSITION RFTER C&04 FRECIFITATI6N” 
PRINT D$;LINCl) 
PRINT USING 2010;T 
IMAGE “TEMPERATURE = ‘1, DD. DD, 2X” UC” 
PRINT LINCl> 
Index=1 
GOTO 1060 
PRINT LINCl> 
IMRGE “CALCIUM SULFHTE FRECIPITHTED = ‘I, DDDDD. DDDD, 2X”mmol as/‘L” 
IMAGE ” ‘I, DDDDD. DDDD, 2X”g.L” 
IMAGE “CALOIUM SIJLFATE UNDERSATURHTIiN = ‘I, DDDDD. DDDD, 2X”mmul es/L” 
IF Caprt>=0 THEN PRINT USING 2060;Caprt 
IF Caprt>=0 THEN PRINT USING 2070;Caprtw. 13614 
IF CaprtC0 THEN PRINT USING 2080;-Caprt 
GOTO 2140 

DISF “INCORRECT TEMPERATURE INPUT !” 
END 
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________-------~-~~~~~~ 

L. 02. 12 R1/‘2E peak 

c: H T I 0 N S ril g x’ L 

2440.00 121.76 E0 878 8 . 
350.00 69.90 34,962 

7521.00 327.14 327.142 
743.00 19.00 19.002 

0.00 0.00 0.000 
0.00 0.00 0.000 

26.00 . 59 . 297 
0.00 0.00 0.000 

H N I 0 N s m rii rJ 1 e 5 ,,” L h.l g 2.’ L 

B I C:HRBONHTE CHC03 > 104.00 1.70 1.704 
l:HRBONHTE Cc:03 > 0.00 0.00 0.000 
S IJ L F H T E ( !; l j 4 > 6290 00 . 130.99 65.480 
I:HLIJRIIIE (I:1 > 15500.00 437.24 437.199 
PHOSPHHTE C PO4 > 0.00 0.00 0.000 

:‘; l-1 MM H T I 0 t.I 0 F C H T I TJ TV S = 5 3 8 . 4 m e q .J L 
SIJMNHTION OF HNIONS = 569.9 m e q fl* L 
RHTIO CHTIONS:ANIUNS = . 94 
TIlS ~SUtlMtiTION~ = 33474.0 m g i’ L 
IONIC STRENGTH = . 71576 

NE181 C:OrlPO!$ I T I ON HFTER CaSO4 PREC IP ITHT ION 

TEMPERHTURE = 25.00 83 1: 

C fi L I: I IJ N I: I: a :) 1401.98 
rl H I; t.4 E s 1 u t4 c ri 9 ) 350.00 
S lj II I IJ tl ( N a j 7521.00 
PTJTfi!SSIlJN (PI24 > 743.00 
IRUN ‘[Fe:> 0.00 
bl H N G H N E S E C M n > 0.00 
S T R 0 1.4 T I IJ PI 1: S r j 26.00 
Bf=lRIlJtl (B.aj 0.00 

69.96 
69.90 

327.14 
19.00 

0.00 
0.00 

.s9 
0.00 

34.980 
34.962 

327.142 
19.002 

0.000 
0.000 

mg,L maq,L 

B IC:HRBijNHTE (HCij3 j 104.00 1 .70 1.704 
C#RBUNHTE C CO3 > 0.00 0.00 0.000 
SULFHTE C SO4 > 3802.17 79.18 39.581 
CHLORIDE (Cl > 15500.00 437.24 437.199 
PHOSPHHTE (PO4 > 0.00 0.00 0.000 

s u rl tl H T I II N 0 F C H T I Cl N S = 
!3 IJ M N H T I 11 t-I 0 F RN I UN S = 
RHTIO CHTIUNS:HNIONS = 
TDS CSUNNHTIONj = 
I ON I C STRENGTH = 

486.6 m e q /’ L 
518.1 m e q ,’ L 

.94 
29943.2 Nl g J’ L 

. 61216 

CHLC I Utl SIJLFHTE PREC I P I THTEU = 
= 

25 3937 . NI hI0 1 e 5 l ’ L 

3.5258 g.‘L 
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L.02.12 Rl/ZE aug 

CATIONS mgYL meqfL mmo 1 es,L 

CALCIUM (Cd> 1340.00 
MHGNESIUM (Mg) 537.00 
SODIUM <Na> 9940.00 
POTHSSIUM <PO4> 743.00 
IRON (Fe) 0.00 
MHNGANESE (Mn) 0.00 
STRONTIUM <St-> 26.00 
BARIUM CBa> 0.00 

66.87 33.433 
44.16 22.088 

432.36 432.362 
19.00 19.002 

0.00 0.000 
0.00 0.000 

. 59 
0.00 

. 297 
0.000 

ANIONS mg,L maq/‘L mmol es/L 

BICARBONATE <HCO3> 104.00 1.70 1.704 
CHRBONATE CCO3> 0.00 0.00 0.000 
SIJLFATE < SO4 > 6290.00 130.99 65.480 
CHLORIDE <Cl > 15500.00 437.24 437.199 
PHOSPHRTE CPO4> 0.00 0.00 0.000 

SUMMATION OF CATIONS = 563.0 meq,L 
SUMMRTION OF ANIONS = 569.9 meq,L 
RATIO CATIONS:ANIONS = . 99 
TDS <SUMMATION> = 34480.0 mgfL 
IONIC STRENGTH = . 68773 

NEW COMPOSITION AFTER C&O4 PRECIPITATION 

TEMPERHTURE = 25.00 oc 

CATIONS mg/L mrqYL mmol es/L 

CALCIUM (Cd) 985.71 
MHGNESIUM (Mgj 537.00 
SODIUM CNa> 9940.00 
POTASSIUM CPO4) 743.00 
IRON (Fe> 0.00 
MANGANESE < Mn > 0.00 
STRONTIUM <St-> 26.00 
BARIUM CBa> 0.00 

49.19 24.594 
44.16 22.088 

432.36 432.362 
19.00 19.002 

0.00 0.000 
0.00 0.000 

. 59 
0.0Ej 

. 297 
0.000 

ANIONS mg,L meq/L 
1 

m m 0 1 a 5 ,’ L 

EICARBONRTE CHC03> 104.00 1.70 1.704 
CARBONRTE CCO3> 0.00 0.00 0.000 
SULFATE C SO4 > 5440.88 113.30 56.640 
CHLORIDE <Cl> 15500.00 437.24 437.199 
PHOSPHATE CPO4> 0.00 0.00 0.000 

SUMMFlTION OF CATIONS = 545.3 meq.‘L 
SUMMATION OF ANIONS = 552.2 meq,L 
RATIO CATIONS:ANIONS = .99 
TDS CSUMMRTION> = 33276.6 mgfL 
IONIC STRENGTH = . 65237 

CRLCIUM SULFATE PRECIPITATED = 8.8395 mm0 1 es/L 
= 1.2034 g/L 
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L.03.35 R3E peak 

CHTIONS mg/‘L maqiL mmol es/L 

CHLCIUM (Cd> 3180.00 
MHGNESIUM CMg> 875.00 
SODIUM (NFL> 8740.00 
POTHSSIUM CPO4) 782.00 
IRON (Fe) 0.00 
MHNGANESE Z Mn> 0.00 
STRONTIUM (S-r> 32.00 
BHRIUM CBa> 0.00 

158.68 
71.96 

380.17 
20.00 

0.00 
0.00 

. 73 
0.00 

79.341 
35.990 

380.165 
19.999 

0.000 
0.000 

,365 
0.000 

ANIONS m g .j L meq/L mmol es/L 

l3 I CAREONHTE C HC03 > 189.00 3.10 3.098 
CHRBONHTE C CO3> 0.00 0.00 0.000 
SIJLFATE CSO4:) 9700.00 202.00 100.979 
CHLORIISE (Cl > 16100.00 454.16 454.122 
PHrJSPHATE (PO4 > 0.00 0.00 0.000 

SUMMATION UF CATIONS = 631.5 meq/L 
SUMMHTION OF ANIONS = 659.3 m F q i L 
RHTIO CATIONS:ANIONS = . 96 
TDS (SUMMATION> = 39598.0 mg/L 
IONIC STRENGTH = . 86204 

NEW COMPOSITION HFTER C&04 PRECIPITATION 

TEMPERATURE = 25.00 OC 

C:HTIONS m g .H L meq,L mmol es/L 

i:HLC:IlJM (C.s> 1157.22 57.75 
M H I; H E S I U M I: M g > 875.00 71.96 
SODIUM CNa> 8740.00 380.17 
PUTHSSIUM CPU41 782.00 20.00 
IRON (Fe> 0.00 0.00 
MHNGHNESE C Mn > 0.00 0.00 
STRONTIUM (St-> 32.00 .73 
BHRIUM (Ba> 0.00 0.00 

28.873 
35.990 

380.165 
19.999 

0.000 
0.000 

. 365 
0.000 

ANIONS mg,L m c q /’ L mmo 1 es/L 

BICHRBONHTE CHC03> 129.00 3.10 3.098 
CHRB#NFlTE CCO3> 0.00 0.00 0.000 
SULFATE C 504) 4851.93 101.04 50.510 
CHLORIDE (Cl 1 16100.00 454.16 454.122 
PHOSPHATE CPO4> 0.00 0.00 0.000 

SUMMATION OF CATIONS = 530.6 meq,L 
SUMMATION OF ANIONS = 558.3 meq,L 
RHTIO CATIONS:HNIONS = . 95 
TDS C SUMMAT I UN > = 32727.2 mg.HL 
IONIC STRENGTH = . 66017 

CHLCIIJM SULFHTE PRECIPITHTEU = 50.4686 mm 0 1 e 5 8* L 
= 6.8708 g-‘L 
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L.03.35 R3E aug 

CATIONS mg,L meq,L 

CHLCIUM (Cd) 2280.00 
MHGNESIUM (Mg) 610.00 
SODIUM CNa> 10600.00 
POTASSIUM CPO4) 782.00 
IRON (Fe) 0.00 
MHNGHNESE (Mn > 0.00 
STRONTIlJtl (St-) 32.00 
BARIUM (Ea) 0.00 

11 3.77 56.386 
50.16 25.090 

461.07 461.070 
20.00 13.993 

0.00 0.000 
0.00 0.000 

. 73 
0.00 

A N I 0 N s m g d/ L m e q 8’ L 

BICHRBUNATE CHC03:, 139.00 3.10 3.098 
CAREONHTE CC031 0.00 0.00 0.000 
SULFATE (504) 9700.00 202.00 100.979 
CHLORIDE (Cl) 16100.00 454.16 454.122 
PHOSPHHTE CPO4) 0.00 0.00 0.000 

SUMMATION OF CATIONS = 645.7 maqiL 
SUMMATION OF ANIONS = 659.3 meq.JL 
RATIO CATIONS:ANIONS = . 93 
TDS <SUMMATION> = 40293.0 mg,L 
IONIC STRENGTH = . 83579 

NEW COMPOSITION AFTER C&U4 PRECIPITATION 

TEMPERHTURE = 25.00 OC 

CHLCIUM (Cd> 334.06 
MHGNESIUM CMg> 610.00 
SOD I UM C Na) 10600.00 
PUTHSSIUM CPO4> 782.00 
IRON (Fe) 0.00 
MHNGHNESE C. Mn:l 0.00 
s T R 0 N T I U M C S r. :I 32.00 
HHRIUM CEa> 0.00 

22.057 
25.090 

461.070 
19.399 

0.000 
0.000 

.365 
0.000 

HNIONS 

44.11 
50.16 

461.07 
20.00 

0.00 
0.00 

. 73 
0.00 

mgfL m e q .*’ L m m 0 1 e 5 ..‘. L 

BICHRBONRTE CHC03) 13s. 00 3.10 3.093 
CHRBrJNATE CCO3> 0.00 0.00 0.000 
SULFHTE C SU4> 6354.34 132.33 66.150 
CHLORIDE (Cl > 16100.00 454.16 454.122 
PHOSPHATE C PO4 > 0.00 0.00 0.000 

SUMMHTION OF CATIONS = 576.1 m e q .>’ L 
SIJMMATION OF HNIONS = 539.6 m E’ q X* L 
RATIO CATIONS: ANIONS = . 93 
T13S CSUMMHTION) = 35551.4 m g . ..’ L 
IONIC STRENGTH = . 69647 

CHLCIUM SULFATE PRECIPITHTED = 34.3238 mmo 1 es/L 
= 4.7416 g/L 
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L.05.54 R3E peak 

S;UMMATION OF CHTIONS = 1283.4 meq/L 
SIJMMRTION OF ANIONS = 877.2 meq/L 
RHTIU CHTIONS:ANIONS = 1.46 
TDS CSUMMHTIUN> = 62255.6 mg,L 
I 0 N I c STRENGTH = 1.43891 

rii g .f L 

6280 I 00 
1555.00 

18699 013 -. - 
1080.00 

. 60 
0.00 

50.00 
0.00 

m g .x’ L meq,L 

91.00 1.49 1.491 
0.00 0.00 0.000 

13200 00 . 274.89 137.414 
21300.00 680.85 600.795 

0.00 0.00 0.000 

NEC] C~itqP~lSITIUN HFTER C:aS04 PRECIPITHTION 

TEMPERRTURE = 25.00 UC 

1: A T I 0 N S m g dx L m e q .,‘. L 

C:HLCIUM CC:a> 2252.33 
M H IG N E S I U M C M g > 1555.00 
S [I 11 1 IJ M ( N .a > 18699.00 
PI:!Tfi!:SIlJM (Pll4> 1080.00 
IRijN (FE. j .60 
tl H N G H N E S E C N n > 0.00 
!S T R 0 N T I U M (: S t- > 50.00 
B H R I u ri c B a > 0.00 

112.39 56.196 
127.88 63.960 
813.35 813.354 

27.62 27.620 
. 02 

0.00 
1.14 
0.00 

. 011 
0.000 

. 571 
0.000 

H N I 0 N S m g .l L mmul es/L 

B I C:HRBONHTE C HC03 > 91.00 1.49 1.491 
C:HRBONHTE CCO3> 0.00 0.00 0.000 
!:;lJLFH’TE C SO4 > 3546.87 73.86 36.923 
CHLORIISE (Cl > 21300.00 600.85 600.795 
PHOSPHHTE C PO4 > 0.00 0.00 0.000 

SIJMMHTION UF CHTIONS = 1082. 4 meq’L 
SIJMMHTION OF ANIONS = 676.2 m e q N’ L 
RHTIO CHTIONS: ANIONS = 1.60 
T D S CSlJMMHTION> = 42574.8 m g .,.’ L 
I 0 N I C S T R E N G T H = 1.03695 

rtt e q ,.+ L 

:313.37 
127.88 
81:3.35 

27.62 
. 02 

0.00 
1.14 
0.00 

156.687 
63.960 

813.354 
27.620 

rl:HLCIIUM SULFHTE PRECIPITHTED = 100.4907 m rh u 1 e 5 8” L 
= 13.6808 g/L 
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L. 05.54 R3E aug 

CHTIONS mgfL m B q /z L mm0 1 es/L 

CHLCIUM (Cd) 3900.00 194.61 
MHGNESIUM CMg> 1190.00 97.86 
SODIUM CNa> 12900.00 561.11 
POTHSSIUM (PO41 1080.00 27.62 
IRON (Fe) 0.00 0.00 
M A N G H N E S E < M t-1 > 0.00 0.00 
STRONTIUM (St-) 50.00 1.14 
BHRIUM (Da> 0.00 0.00 

97.305 
48.947 

561.114 
27.620 

0.000 
0.000 

. 571 
0.000 

HNIONS mg#L maq/L mmol es/L 

BICHRBONATE CHCrJ3> 91.00 1.49 1.491 
CHRBONHTE CCO3> 0.00 0.00 0.000 
SULFHTE CSO4> 13200.00 274.89 137.414 
CHLORIDE (Cl> 21300.00 600.85 600.795 
PHOSPHHTE CPO4> 0.00 0.00 0.000 

SUMMATION OF CRTIDNS = 882.3 meq,L 
SUMMATION OF ANIONS = 877.2 mrq/L 
RATIO CHTIONS:ANIONS = 1.01 
TDS tSUMMATIOtj> = 53711.0 mg,L 
IONIC STRENGTH = 1.16398 

NEN COMPOSITION RFTER C&04 PRECIPITATION 

TEMPERATURE = 25.00 OC 

CATIONS mg/L meqjL m rii 0 1 e 5 j L 

C:HL.CIUM CCa> 1077.11 53.75 
MHCNESIUM (Mg) 1190.00 97.86 
SODIUM (Na) 12900.00 561.11 
POTASSIUM <PO4> 1080.00 27.62 
IRON (Fe> 0.00 0.00 
MHNGHNESE C tln > 0.00 0.00 
STRONTIUM <St-> 50.00 1.14 
BHRIUM CBa> 0.00 0.00 

26.874 
48.947 

561.114 
27.620 

0.000 
0.000 

. 571 
0.000 

ANIONS mgjL meqjL mm0 1 es/L 

BICHRBONHTE CHC03> 91.00 1.49 1.491 
CARBONATE C CO3 > 0.00 0.00 0.000 
SULFATE (SO41 6434.37 133.99 66.983 
CHLORIDE (Cl> 21300.00 600.85 600.795 
PHOSPHATE CPO4> 0.00 0.00 0.000 

SUMMATION OF CRTIONS = 741.5 msq/L 
SUMMATION OF RNIONS = 736.3 meqfL 
RATIO CATIONS:ANIONS = 1.01 
TDS (SUMMATION> = 44122.5 mg,L 
I ON I C STRENGTH = . 88226 

CALCIUM SULFFlTE PRECIPITRTED = 70.4313 mm0 1 E-S/L 
= 9.5885 g/L 
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---------------------- 
L.10.14 R2E peak 

UHTIUNS mg/L m e q / L mmol es/L 

CHLCIUM (Cd> 
MHGNESIUM (Mg) 
SOUIUM CNa> 
POTHSS I UM 1: PU4 > 
IRON (Fe) 
MHNGHNESE CMn> 
STRONTIUM (St-> 
BHRIUM (Ba) 

HNIONS m g ,j L meq,L m m u 1 e s / L 

RICHRBONATE CHC03> 122.00 2.00 1.999 
CHRBONHTE (CO31 0.00 0.00 0.000 
SIJLFHTE C SO4 > 11900.00 247.81 123.881 
CHLORIDE (Cl) 32000.00 902.68 902.603 
PHrJSPHRTE CPO4> 0.00 0.00 0.000 

SUMMHTION OF CATIONS = 1080.8 meq,L 
SUMMATION OF HNIONS = 1152.5 meq/L 
RHTIO CATIONS:ANIONS = . 94 
TDS <SUMMATION> = 672 11.6 mg)L 
IONIC STRENGTH = 1.42622 

4500.00 224.55 112.275 
1774.00 145.89 72.968 

15502.00 674.29 674.293 
1370.00 35.04 35.037 

. 60 . 02 . 011 
0.00 0.00 0.000 

43.00 . 98 . 491 
0.00 0.00 0.000 

NEW COMPOSITION AFTER CaS04 PRECTPITHTION 

TEMPERHTURE = 25.00 oc 

CATIONS m g i# L m e q / L 

CHLCIUM <Cal 
MHGNESIUM CMg> 
SODIlJtl CNa> 
POTHSSIUM CPO4j 
IRON (Fe> 
MHNGANESE c Mn > 
STRONTIUM (St-:, 
BHRIUM CBa> 

1671.91 
1774.00 

15502.00 
1370.00 

. 60 
0.00 

43.00 
0.00 

83.43 41.714 
145.89 72.968 
674.29 674.293 

35.04 35.037 
. 02 . 011 

0.00 0.000 
. 98 . 491 

0.00 0.000 

HNIONS mg/L meq,L mmo 1 E-s/L 

BICHRBUNHTE CHCUB> 122.00 2.00 1.999 
CARBONRTE C CO3 > 0.00 0.00 0.000 
SULFATE CSO4) 5121.90 106.66 53.320 
CHLORIDE (Cl > 32000.00 902.68 902.603 
PHOSPHHTE CPO4> 0.00 0.00 0.000 

SUMMRTION OF CATIONS = 939.6 maqfL 
SlJMMATION OF ANIONS = 1011.3 meq/L 
RATIO CATIONS:ANIONS = . 93 
TDS CSUMMRTION) = 57605.4 mg/L 
IONIC STRENGTH = 1.14397 

CHLCIUM SULFHTE PRECIPITATED = 70.5611 mmol es/L 
= 9.6062 g-‘L 
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ro g .p* L rii e y ...* L 

1: I C: fi R B 111 t.1 H T E ( t-j I:: 0 3 ;I 122.00 
C: H R B 0 t.4 A T E ( 1: 0 3 > 0.00 
S 1-l L F H T E ( S [I 4 ) 11’300.00 
I: H L 0 F: I 11 E 1:: C 1 > :32000.00 
p H I:I !:: F’ H A T E ( p III 4 > 0.00 

S U M M H T I 11 N 0 F C H T I II N S = 1145.2 rii d q / L 
S U MM H T I Cl N 0 F H N I 0 N S = 1152.5 hi e q / L 
RHTIO CHTIDtd!3:Ht4ION$ = . 99 
T U S C S IJ M tl H T I 0 N :, = 63425.6 n, g 3’. L 
I 0 N I C S T R E N G T H = 1.38195 

N E 181 1: 0 M P 0 S I T I 0 El t? F T E R C .aS 0 4 t-’ R E C I P I T H T I 0 N 

TEMPERATURE = 25.00 0 c 

‘358.21 
1340.00 

20500.00 
1370 00 . 

.60 
0.00 

43.00 
0.00 

47.81 
110.20 
891.69 

35.04 
. 02 

0.00 
. 93 

0.00 

23. ,307 

55.117 
831.692 

35.037 
. 011 

0.000 
. 431 

0.000 

rdi e lq / L ro g x.’ L 

122.00 2.00 1.999 
0.00 ‘0.00 0.000 

9043.63 183.33 94.146 
32000.00 902.68 902.603 

0.00 0.00 0.000 

SUMMRT I ON UF CAT IONS = 1085.7 rh 4 q .‘. L 
s UM ri HT I 0 N u F H N IONS = 10’33.0 rn I q ,.’ L 
f%RTIO CATIONS: HNIUNS = . 99 
T I3 S C S U M 11 H T I 0 N > = 65377.4 ro g i’ L 
I 0 N I C S T A E N I; T H = 1.26301 

CHLCIIJM SULFHTE PHECIPITHTED = 29.7353 m rh 0 1 B 5 /’ L 
= 4.0482 g’L 
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m g H’ L rii e q .,’ L m WI 0 1 e 5 z’ L 

4640.00 231 .54 
1737.00 142.85 

23000.00 1000.43 
1550.00 39.64 

0.00 0.00 
0.00 0.00 

47.00 1.07 
0.00 0.00 

115.768 
71.446 

1000.435 
39.640 

0.000 
0.000 

mgiL meq,L 

118.00 
0.00 

12600.00 
32300.00 

0.00 

1.93 
0.00 

262.39 
925.25 

0.00 

1.934 
0.000 

131.168 
925.169 

0.000 

SUMMHTION OF CFITIONS = 1415.5 meq’L 
SlJtlMHTION OF HNIrJNS = 1189.6 me-q/k 
RHTIO. CATIUNS:ANIONS = 1.19 
IDS (SUMMATION> = 76492.0 mg.fL 
IONIC STRENGTH = 1.62143 

NEW COMPOSITION HFTER C&04 PRECIPITATIUN 

TEMPERHTURE = 25.00 oc 

CHTIONS mg.fL m e q /’ L mmo 1 es/L 

CHLCIUM (Caj 1673.04 83.49 41.743 
MHGNESIUM (Mgj 1737.00 142.85 71.446 
S 0 D I U tl C N a j 23000.00 1000.43 1000.435 
PUTfi!;!;IlJM (PO4 j 1550.00 39.64 39.640 
I R 0 N 1: F e j 0.00 0.00 0.000 
MHNGANESE I: Mn j 0.00 0.00 0.000 
STRONTIUM CSr> 47.00 1.07 .536 
EHRIUM (Ed:, 0.00 0.00 0.000 

ANIONS mg/L Nl e q / L mmol as/L 

BIOAREONHTE cHC03j 113.00 1.93 1.934 
CHREt3NHTE CC03 j 0.00 0.00 0.000 
SIJLFHTE C SrJ4j 5489.07 114.31 57.142 
C:HLrJRIISE CC1 j 32800.00 925.25 925.169 
PHOSPHHTE CPU4 j 0.00 0.00 0.000 

SUMMHTION OF CATIONS = 1267.5 meq,L 
SUMMHTION OF HNIONS = 1041.5 meqfi 
RHTIU CATIONS:ANIONS = 1.22 
TIlS CSUMMRTIONj = 66414.1 mg,L 
IONIC STRENGTH = 1 .32532 

CHLCIUM SULFATE PRECIPITHTED = 74.0259 mm0 1 es/L 
= 10.0779 g/L 
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----------------------------------------------------------------- 
L.22.15 R2E ivg 

CATIONS mg#‘L meq/L 

CHLCIUM <Cd) 2620.00 130.74 
~1HGNESIUM CMg? 1470.00 120.89 
SUDIUM <t-la> 21700.00 943.89 
POTASSIUM CPO4) 1550.00 39.64 
IRON (Fe) 0.00 0.00 
MHNGANESE C Mn > 0.00 0.00 
STRONTIUM (St-> 47.00 1.07 
BARIUM {Ea’, 0.00 0.00 

65.369 
60.464 

943.889 
39.640 

0.000 
0.000 

. 536 
0.000 

ANIONS mg/L meq,L mmo 1 es/L 

BICHRBONHTE CHC03> 118.00 1.93 1.934 
CHRBUNATE CCO3> 0.00 0.00 0.000 
SULFHTE r;SO4> 12600.00 262.39 131.168 
CHLORIDE (Cl> 32800.00 925.25 925.169 
PHUSPHHTE (PO4 > 0.00 0.00 0.000 

SUMMATION OF CflTIONS = 1236.2 mrq/L 
SUMMRTION OF RNIONS = 1189.6 meqfL 
RATIO CATIONS:RNIONS = 1.04 
TDS (SUMMATION> = 72905.0 mg/L 
IONIC STRENGTH = 1.47039 

NEW COMPOSITION AFTER CaS04 PRECIPITATION 

TEMPERATURE = 25.00 oc 

CHTIONS mg,L m e q f’ L 

CHLCIUM (Cd> 1014.52 50.62 25.312 
MHGNESIUM Ctlg> 1470.00 120.89 60.464 
SODIUM CNa> 21700.00 943.89 943.889 
PDTHSSIUM CPU4> 1550.00 39.64 39.640 
I R 0 N C F e > 0.00 0.00 0.000 
MANGANESE C Mn> 0.00 0.00 0.000 
STRONTIUM (St-> 47.00 1.07 .536 
BHRIUM IBa> 0.00 0.00 0.000 

HNIUNS mgfL m I q H’ L mmul es/L 

BICHRBONHTE CHC03> 118.00 1.93 1.934 
CAREONHTE CCO3> 0.00 0.00 0.000 
SIJLFRTE (504 > 8752.13 182.26 91.111 
CHLDRIDE (Cl > 32800.00 925.25 925.169 
PHOSPHHTE (PO4 > 0.00 0.00 0.000 

SUMMATION OF CHTIONS = 1156.1 meq/‘L 
SUMMRTION OF RNIONS = 1109.4 mrq,‘L 
RHTIO CHTIONS:ANIONS = 1.04 
TDS CSUMMRTION> = 67451.6 mg,L 
IONIC STRENGTH = 1.31016 

CALCIUM SULFHTE PRECIPITHTED = 40.0569 mmol es~‘L 
= 5.4534 g/L 
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L.23.19 R3E peak 

CHTIONS mg,L meq,L mmol es/L 

CHLCIUM <Cd> 8180.00 408.18 
MHGNESIUM Ctlg> 2199.00 180.84 
SODIlJM CNa> 23000.00 1000.43 
POTHSSIUM (PO41 1660.00 42.46 
IRON (Fe) 0.00 0.00 
NANGHNESE C Mn > 0.00 0.00 
STRONTIUM (St-> 47.70 1.09 
BARIUM CBa> 0.00 0.00 

204.092 
90.449 

1000.435 
42.453 

0.000 
0.000 

. 544 
0.000 

ANIUNS mg,L meq,L mmol es/L 

BICHRBONATE CHC03> 7.93 . 13 . 130 
CHRBUNFITE CC031 0.00 0.00 0.000 
SIJLFHTE < SO4 j 18800.00 391.50 195.711 
CHLORIDE (Cl> 29400.00 829.34 829.267 
PHOSPHRTE CPO4j 0.00 0.00 0.000 

SUMMATION OF CATIONS = 1633.0 meq/L 
SUMMRTION OF ANIONS = 1221.0 meq/L 
RHTIO CATIUNS:HNIONS = 1.34 
TDS CSUtlMHTION> = 83294.6 mg/L 
I ON I C STRENGTH = 1.91774 

NEW COMPOSITION AFTER C&04 PRECIPITATION 

TEMPERATURE = 25.00 oc 

CHTIONS mg/L msq/L mmol es/L 

CHLC I IJtl CCa> 2150.77 107.32 
MHGNESIUM Ct’lg) 2199.00 180.84 
SODIUM I:Na> 23000.00 1000.43 
PUTHSSIUM CPO4:) 1660.00 42.46 
IRON (Fe> 0.00 0.00 
MHNGANESE (IIn j 0.00 0.00 
STRONTIUM (S-r> 47.70 1.09 
BHRIUM CBa> 0.00 0.00 

53.662 
90.449 

1000.435 
42.453 

0.000 
0.000 

. 544 
0.000 

ANIONS mg/L meq/L mmol as/L 

BICHRBONHTE CHC03> 7.93 .13 . 130 
CHREONHTE C CU3> 0.00 0.00 0.000 
SULFHTE < SO4 > 4349.70 90.58 45.281 
CHLORIDE (Cl > 29400.00 829.34 829.267 
PHClSPHHTE CPU4 > 0.00 0.00 0.000 

SUMMRTION OF CRTIONS = 1332.1 rneqfL 
SUMMATION OF ANIONS = 920.0 mrq/L 
RATIO CfiTIONS:ANIONS = 1.45 
TISS CSUtltlHTION> = 62815.1 mg/L 
IONIC STRENGTH = 1.31602 

CHLCIUM SIJLFHTE PRECIPITATED = 150.4299 mm0 1 es/L 
= 20.4795 g/L 
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CATIONS m g .N. L m e q /’ L m m 0 1 e 5 ..f L 

C: 17 L I: I u rl C c a > 4130.00 206.09 
MHGNES I Utl C Mg > 1290.00 106.09 
SODIUM CNa> 20600.00 896.04 
PI~THSSIUM CPO4j 1660.00 42.46 
IRON (Fe> 0.00 0.00 
MANGHNESE CMn> 0.00 0.00 
STRONTIUM (Sr:) 47.70 1.09 
EHRIUM CBa> 0.00 0.00 

103.044 
53.060 

396.042 
42.453 

0.000 
0.000 

H N I 0 N s m g f L M C q j L 

E: ICHREONHTE CHCrJ3 > 7.93 .t3 . 130 
CHRBONHTE CC031 0.00 0.00 0.000 
SULFHTE C SO4 j lS500.00 391.50 195.711 
CHLURIDE CC1 > 29400.00 829.34 829.267 
PHUSPHHTE CPU43 0.00 0.00 0.000 

SUMMHTION OF CHTIONS = 1251.8 m E- q .** L 
SUMMHTION OF ANIONS = 1221.0 meq/L 
RHTIU CHTIONS:HNIONS = 1.03 
TDS (SUMMHT I OW > = 75935. 6 M g s’ L 
IClNIC STRENGTH = 1.58866 

MEA COMPUSITION HFTEH C&04 PRECIPITHTIUN 

TEMPERHTURE = 25.00 00 

CATIONS m g f L m e q f’ L 

I:: H L I: I Ll M ( I: a > 795.85 3 9 . 7 1 19.6’57 
M H I; N E S I U M i tl g j 1290.00 106.09 53. 060 
:s 0 n 1 IJ M C N .a ;I 20600.00 896.04 896.042 
pljT~S!~IlJtl (PC14 j 1660.00 42.46 42. 453 
IRON (Fe) 0.00 0.00 0.000 
MHNGHNESE C Mn) 0.00 0.00 0.000 
S T R 0 N T I IJ M C S r > 47.70 1 , 09 ,544 
BHRIUM CB.3) 0.00 0.00 0.000 

B I CHRBONHTE C HC03 j 7.93 , 13 . 130 
I: H R B 0 N H T E C C 0 3 > 0.00 0.00 0.000 
SIJLFHTE r; So4 > 10809.02 225.09 112.524 
CHLORIISE ICl > 29400.00 829.34 329 367 .h. 
PHOSPHATE r; PO4 > 0.00 0.00 0.000 

SCltlMHTIClN OF CATIONS = 1085.4 m e q *x L 
SLlMtlATIClt~ OF HNIUNS = 1054.6 meq/L 
RHTIU CHTIUNS:ANIUNS = 1.03 
TDS (SUMMATIOW) = 64610.5 m g / L 
I 0 N I C S T R E N G T H = 1.25592 

CHLCIUM SIJLFHTE PRECIPITHTED = 8 3 . 1 8 7 ‘3 Iii m 0 1 E’ 5 .Y’ L 
= 11.3251 g 8,” L 
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L.24.11 R3E peak 

CHTIONS m g ,*’ L rit e q .,” L 

7740.00 
1616.00 

21413.00 
1470.00 

0.00 
0.00 

41.00 
0.00 

:3 8 6 . 2 :3 
132.89 
931.40 

37.60 
0.00 
0.00 

. 94 
0.00 

193.114 
66. 469 

931.405 
37.594 

0.000 
0.000 

. 468 
0.000 

H N I rJ N s rii g .” L 

BIl:HREClNHTE (HC:l]:3 > 67.10 1.10 1.100 
CHRBONHTE C CO3> 0.00 0.00 0.000 
SULFHTE C SO4 > 18100.00 376. ‘33 188.424 
CHLCIRIDE (Cl > 26700.00 753.17 753.110 
P H 0 !:; p f-j A T E ( p 114 :, 0.00 0.00 0.000 

SUMMHT I ON OF CRT IONS = 1489.1 m e q .J L 
SClMMHTION OF HNIONS = 1131.2 m Q q i’ L 
RHTIO CHTIONS: ANIONS = 1 .32 
TISS cSUMMHTION> = 77147.1 ril g ./ L 
IONIC STRENGTH = 1.75855 

NEW COMPUSITION AFTER CaS04 PRECIPITHTIUN 

TEMPERHTURE = 25.00 UC 

CHT I ONS m g s.’ L ril e q .i L m rii u 1 B 5 .’ L 

CHLCIUM (Cd) 1992.82 99.44 
MHGNESIClM (Mgj 1616.00 132.89 
s 0 D I u M I: N .a > 21413.00 931.40 
POTASSIUM ,PrJ4> . 1470.00 37.60 
IRON <Fe’, 0.00 0.00 
tl A N I; H N E S E C M n > 0.00 0.00 
STRONTIUM rlSr> 41.00 .94 
BHRIUM CEa> 0.00 0.00 

49.721 
65.469 

93 1 . 405 
37.594 

0.000 
0.000 

. 468 
0.000 

m g f.’ L ril e q x” L 

B I CHREONHTE CHC03> 67.10 1.10 1.100 
CHREONHTE r: CO3 :, 0.00 0.00 0.000 
SULFHTE C SO4 > 4325. 71 90.08 45.031 
CHLORIDE (Cl > 26700.00 753.17 753.110 
PHOSPHHTE CPO4> 0.00 0.00 0.000 

S U tl M H T I Cl N 0 F C R T I U N S = 1202.3 WI e q x’ L 
SUMMHTION OF HNIrJNS = 844.4 maqfL 
RHTIO CHTIONS:HNIONS = 1.42 
TIlS CSUMMRTION> = 57625.6 mg,L 
IONIC STRENGTH = 1.18498 

CALCIUM SULFHTE PRECIPITHTED = 143.3926 m m u 1 E’ 5 ...> L 
= 19.5215 g/L 
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L.24.11 R3E aug 

CHT I UNS mg/L msq,L 

c H L I:: I U M c II: a > 3680.00 
tl R G N E S I U M 1: tl g > 1270.00 
S 0 D I U M I: N a > 19800.00 
POTHSSIUM CPO4> 1470.00 
IRON (Fe) 0.00 
tlF1NGHNESE Ctlrc > 0.00 
STRONTIUM (St-> 41.00 
EHRIUM (Ea> 0.00 

183.63 91.816 
104.44 52.238 
861.24 861.244 

37.60 37.594 
0.00 0.000 
0.00 0.000 

. 94 
0.00 

. 468 
0.000 

ANIONS mg,L mcq,L mmol es/L 

EICHRBONHTE (HC03> 67.10 1.10 1.100 
CRREONATE CCO3) 0.00 0.00 0.000 
SULFHTE C 504) 18100.00 376.93 188.424 
CHLORIDE (Cl> 26700.00 753.17 753.110 
FHDSFHATE CPO4> 0.00 0.00 0.000 

SUMMATION OF CHTIONS = 1187.8 meq,L 
SUMMATION OF -RNIONS = 1131.2 meq,L 
RHTIO CATIONS:ANIONS = 1.05 
TDS CSUMMATION) = 71128.1 mg/L 
I ON I C STRENGTH = 1.49242 

NEW CUMPOSITION HFTER C&04 PRECIPITATION 

TEMPERATURE = 25.00 oc 

mmo 1 es/L CATIONS m g J L meq/L 

CHLCIUM (Ca> 751.61 
MHGt~ESIUM (Mgj 1270.00 
SODIUM (Na> 19800.00 
POTHSSIUM CPU41 1470.00 
IRON <Fe) 0.00 
PIHNGHNESE CMn 1 0.00 
STRONTIUM CSr> 41.00 
EHRIUM (Ea> 0.00 

37.51 18.753 
104.44 52.238 
861.24 861.244 

37.60 37.594 
0.00 0.000 
0.00 0.000 

. 94 
0.00 

. 46T8 
0.000 

FiNIONS mg,L maq,L mmol es/L 

EICRREONATE (HC03> 67.10 1.10 1.100 
CARBONRTE CCU3) 0.00 0.00 0.000 
SULFATE CSO4j 11081.51 230. 77 115.360 
CHLORIDE (Cl j 26700.00 753.17 753.110 
PHOSPHfiTE CPO4j 0.00 0.00 0.000 

SUMMHTION OF CFlTIONS = i 04 1.7 meq/‘L 
SUMMHTION OF ANIONS = 985.0 meq/L 
RATIO CATIONS:fINIONS = 1.06 
TDS (SUMMATION> = 61181.2 mg/L 
IONIC STRENGTH = 1.20016 

CRLCIUM SULFATE PRECIPITATED = 73.0636 mmolrsiL 
= 9.9469 g/L 
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____-------------- 
L.26.14 R2E peak 

CHTIUNS m B q d L mmo 1 e-s/L 

CHLCIUM (Cd> 4600.00 
MHGNESIUM CMg> 1895.00 
SrJUIClM CNa3 23000.00 
POTHSSIUM CPU41 1740.00 
I R 0 N C F E’ ) 0.00 
MHNGANESE C Mn > 0.00 
STRONTIUM CSr> 3.90 
BHRIUM CBa> 0.00 

229.54 114.770 
155.34 77.945 

1000.43 1000.435 
44.50 44.499 

0.00 0.000 
0.00 0.000 

. 09 
0.00 

. 045 
0.000 

HNIONS mg/L meq/L mmo 1 asfL 

BICARBONHTE CHC03> 67.10 1.10 1.100 
CARBUNRTE CCO3> 0.00 0.00 0.000 
SULFHTE C SU4) 15600.00 324.86 162.399 
CHLORIDE (Cl> 32700.00 922.43 922.348 
PHijSPHATE CPU4> 0.00 0.00 0.000 

SUMMATIUN OF CHTIONS = 1430.4 meq,L 
SlJMMFlTION OF ANIONS = 1248.4 meq,L 
RHTIO CATIONS:ANIONS = 1.15 
TDS (SUMMATION) = 79606.0 mg,L 
IONIC STRENGTH = 1.69451 

NEW COMPOSITION AFTER CaS04 PRECIPITATION 

TEMPERHTURE = 25.00 oc 

CHTIONS m g N’ L meqfL mm0 1 es/L 

CHLi: IIJM c Cd> 1233.23 
M A G N E S I CI M C M g > 1895.80 
SODIUM CNa> 23000.00 
POTASSIUM <PO4> 1740.00 
IRON <Fe) 0.00 
M H N G A N E S E I: tl n 1 0.00 
STRONTIUM (St-> 3.90 
BFiRIUM (Ed) 0.00 

61.54 30.769 
155.84 77.945 

1000.43 1000.435 
44.50 44.499 

0.00 0.000 
0.00 0.000 

. 09 
0.00 

. 045 
0.000 

ANIONS mg/L meq/L mmol es/L 

BICHRBONATE CHC03> 67.10 1.10 1.100 
CARBONATE CCO3) 0.00 0.00 0.000 
SULFATE CSO4> 7530.84 156.83 78.397 
CHLORIDE (Cl> 32700.00 922.43 922.348 
PHOSPHATE CPO4> 0.00 0.00 0.000 

SUMMATION OF CATIONS = 1262.4 maq,L 
SUMMATION OF ANIONS = 1080.4 meq,L 
RATIO CATIONS:ANIONS = 1.17 
TDS (SUMMATION) = 68170.1 mg/L 
IONIC STRENGTH = 1.35850 

CALCIUM SULFATE PRECIPITHTED = 84.0012 mmol es/L 
= 11.4359 g/L 
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ri1 cj .fl” L rii e q f’ L rii rti 0 1 Q 2. ./ L 

2640.00 

1350.00 
22100.00 

1740.00 
0.00 
0.00 
3. ‘30 
0.00 

65,868 

55.528 
961.288 

44.499 
0.000 
0.000 

. 045 
0.000 

rii cJ 8’ L 

67.10 
0.00 

15600.00 
:32700.00 

0.00 

SUMMATIUN OF CHTIUNS = 
S UMM AT I UN OF H N I UN S = 
HHTICl CHTIONS:Ht~~IOt-lS = 
TD:“: CSUMMRTION) = 
I ON I C STRENGTH = 

1 2 4 8 . 6 rfi E’ q .z’ L 
124s. 4 M e q /” L 

1.00 
76201.0 M g .,T L 
1.53230 

NEW COMFOSITIIZJN HFTER C&04 FRECIFITHTION 

TEMFERHTURE = 25.00 UC 

CRT I ON% rfi y S’ L 

CHLl::IiJpj (C:a> 808.95 
M H G N ES I IJ M C M g > 1350 00 . 
s [I 11 I IJ ri ( N a > 22100.00 
FrJTHSSIUM CFO4> 1740.00 
IRON (FE.) 0.00 
ri H t.4 G H t4 E S E c ri t-l :r 0.00 
S T R II N T I U M C S r :, :3 . 9 0 
El H R I IJ pi r: B .a > 0.00 

40.37 20.184 
111.02 55.528 
951.29 961.288 

44.50 44.499 
0.00 0.000 
0.00 0.000 

. 09 . 045 
0.00 0.000 

BICHRBUNHTE CHCO:3:, 67.10 1.10 1.100 
CHRBrJNHTE CCO:3) 0.00 0.00 0.000 
!S IJ L F H T E < S 0 4 > 11211.52 233.48 116.714 
CHLORIDE (Cl > 32700.00 ‘322.43 922.343 
FHOSFHHTE CFO4> 0.00 0.00 0.000 

s u ri ri H T I 0 N 0 F c H T I 0 N s = 1157.3 meqo’L 
SUMMHT ION OF FINIONS = 1157.0 m le q ,.’ L 
HHTIO CHTIUNS:ANIONS = 1.00 
TISS C SIJMMAT I ON ) = 69981.5 rn 13 .a.’ L 
IONIC STRENGTH = 1.34956 

CALCIUM SULFHTE FRECIFITHTEU = 45.6843 rn ri3 u 1 e 5 N L 
= 6.2195 g/L 
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DATE 

COMPUTATION SHEET 

PROJECT 

t U.S. Government Printing Office: 1977-779691 
- 

SHEET OF 

CHKD BY DATE FEATURE 

DETAILS . 

Cyt\e# /,Ol.Ol A 
Exhausi-kq File 1. 

/Atbud : 
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APPENDIX F 

Laboratory IX Data 
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EXHAUSTION for CYCLE l.Ol.OlA Date: 7/11/80 

OBS # BED VOLS Ca meq/L Mg =q/L Na meq/L 

1 0.30 
2 6.90 
3 13.80 
4 27.60 
5 41.40 
6 55.20 
7 69 .OO 
8 82.80 
9 96.60 

10 124.20 
11 193.20 
12 262.20 

Influent 
Cone Ratios (C/CO): 

1 0.30 
2 6.90 
3 13.80 

i! 
27.60J 
41.40" 

6 55.20 v' 
7 69 .O 0 + 
8 82.80 
9 96.60 

G! 193.20 124.20 

12 262.20 

Average effluent 

0.00 3.50 0.50 
0.00 3.00 126.30 
0.27 1.23 130.00 
0.40 3.40 120.00 
1.12 7.48 117.00 
5.70 11.80 109.50 

12.00 15.60 97.00 
16.80 14.00 96.30 
18.10 15.50 93.50 
22.00 13.20 80.00 
23.40 11.20 93 .oo 
22.40 13.20 93.80 

21.80 11.80 89.60 

0.00 0.30 0.01 
0.00 0.25 1.41 
0.01 0.10 1.45 
0.02 0.29 1.34 
0.05 0.63 1.31 
0.26 1.00 1.22 
0.55 1.32 1.08 
0.77 1.19 1.07 
0.83 1.31 1.04 
1.01 1.12 0.89 
1.07 0.95 1.04 
1.03 1.12 1.05 

16.51 11.27 

Total resin capacity 1.38 0.14 

95.84 

-1.64 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 55.86 6.00 11.98 

Average effluent 1.20 5.11 
Resin capacity 1.14 0.37 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 69.00 12.00 15.60 

Average effluent 2.70 6.77 111.36 
Resin capacity 1.31 0.35 ,-1.50 

108.90 

113.35 
-1.32 

97.00 
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REGENERATION for CYCLE l.Ol.OlB 

CBS # BED VGLS Ca meq/L 

1 0.30 0.10 
2 1.86 45.10 
3 3.35 32.90 

ii 3.72 7.44 16.70 13.10 
6 11.16 8.80 
7 14.8% 5.70 

Influent 31.00 36.00 1420.00 

Average effluent 15.48 

Total resin capacity 0.23 0.46 3.40 

Date: 7/15/80 

fig meq/L Na meq/L 

2.60 0.90 
11.90 7oq.00 

7.10 1046.00 
4.30 1236.00 
2.60 1320.00 
2.40 1410.00 
3.10 1386.00 

4.11 118G.71 
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EXHAUSTION for CYCLE l.Ol.OlB Date: 7/15/80 

OBS 0 BED VOLS Ca meq/L W mw/L Na meq/L 

1 0.30 
2 14.16 
3 28.32 
4 42.48 
5 56.64 
6 66.55 
7 70.80 

; 77.80 87.79 
10 101.95 
11 116.11 

0.20 1.56 3.02 
0.78 1.57 137.30 
2.20 5.25 128.30 
8.50 12.10 112.50 

16.20 13.00 105.50 
19.80 12.30 102.50 
20.70 12.60 103.00 
19.10 14.40 102.50 
22.20 10.50 102.50 
2.3 -80 11.10 101.00 
24.80 10.50 102.50 

Influent 
Cone Ratios (C/CO): 

1 0.30 
2 14.16/ 
3 28.32 d 
4 42.48"' 
5 56.64 d 

7" 66.55 70.80 
8 77.80 
9 87.79 

10 101.95 
11 116.11 

24.30 22.70 108.50 

0.01 0.07 0.03 
0.03 0.07 1.27 
0.09 0.23 1.18 
0.35 0.53 1.04 
0.67 0.57 0.97 
0.81 0.54 0.94 
0.85 0.56 0.95 
0.79 0.63 0.94 
0.91 0.46 0.94 
0.98 0.49 0.93 
1.02 0.46 0.94 

Average effluent 13.46 9.27 

Total resin capacity 1.26 1.56 

105.29 

0.37 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 36.86 6.00 9.38 

Average effluent 1.72 3.62 
Resin capacity 0.83 0.70 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 48.92 12.00 12.51 

Average effluent 3.49 5.60 
Resin capacity 1.01 0.83 

118.77 

106.89 
0.06 

109.32 

108.43 
0.00 
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REGEEiERATION for CYCLE 1.01.02X Date: 7/16/80 

ofjs # BED VOLS 

1 0.12 .- : 2.23 1.18 

4 3.65 
5 4.47 
6 5.17 
7 5.64 
8 7.06 
9 8.23 

10 9.53 
11 10.58 
12 11.76 
13 12.94 
14 14.11 

Influent 

Average effluent 

Total resin capacity 

Ca meq/L Mg meq/L Na li;eq/L 

0.59 1.80 4.00 
0.20 0.58 6.00 

597.80 80.20 774.00 
317.50 58.50 1106.00 
239.10 50.90 1210.00 
175.00 60.20 1254.00 
141.70 79.80 1080.00 
105.eo 49.00 1230.00 

76.40 39.60 1286.00 
66.00 36.00 127G.00 
62.70 31.30 1334.00 
42.00 42.00 1372.00 
44.00 46.00 1410.00 
.40.00 36.00 1370.00 

36.70 26.20 1400.00 

144.10 45.01 1081.07 

-1.50 -0.26 4.46 
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EXHAUSTION for CYCLE 1.01.02X Date: 7/16/80 

OBS # BED VOLS Ca meq/L 4 mq/L Na meq/L 

0.30 0.20 2.60 5.50 
13.32 0.20 2.00 126.30 
26.64 0.39 3.11 126.30 
39.96 1.40 4.10 116.50 
53.28 5.70 13.70 110.50 
66.60 15.10 13.70 102.30 
82.58 18.40 13.20 94.50 
91.91 18.80 13.70 94.00 

Influent 
Cone Ratios (C/CO): 

1 0.30 
2 
3 

13.32/ 
26.64 

4 3 9 . 9 6 /' 
5 53.28 L' 

9 66.60/ 82.58 
8 91.91 

Average effluent 7.05 8.22 

Total resin capacity 1.43 -0.71 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 53.71 6.00 13.70 

Average effluent 1.28 4.43 
Resin capacity 1.14 -0.21 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 62.21 12.00 13.70 

Average effluent 2.34 5.70 
Resin capacity 1.26 -0.32 

22.70 0.50 93.30 

0.01 5.20 0.06 
0.01 4.00 1.35 
0.02 6.22 1.35 
0.06 8.20 1.25 
0.25 27.40 1.18 
0.67 27.40 1.10 
0.81 26.40 1.01 
0.83 27.40 1.01 

104.12 

-0.99 

110.24 

107.03 
-0.73 

105.00 

107.11 
-0.86 
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REGENERATION for CYCLE 1.01.02E Date: 7/25/&O 

OBS % BED VOLS Ca meq/L 

0.80 0.15 0.00 1.83 
2.51 522.40 217.60 664.00 
3.37 374.00 99.00 920.00 
4.71 223.70 63.33 1080.00 
5.94 129.00 71.00 1248.00 
7.53 98.00 27.00 1260.00 
9.16 66.00 29.00 1,274.OO 

12.85 46.00 31.00 1340.00 

Influent 23.30 44.70 1340.00 

Average effluent 163.59 62.07 1070.56 

Total resin capacity -1.69 -0.21 3.25 

Mg meq/L Na meq/L 
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EXHAUSTION for CYCLE 1.01.02B Date: 7/25/80 

OBS # BED VOLS Ca meq/L m mw/L Na meq/L 

1 0.30 0.06 0.14 0.50 
2 16.10 0.40 0.70 151.30 
3 26.83 2.20 4.20 143.00 
4 40.25 25.60 16.10 107.50 
5 53.66 39.60 9.40 99.30 
6 67.08 41.40 9.10 94.80 

Influent 
Cone Ratios (C/CO): 

1 0.30 
2 16.10J. 
3 26.83/ 
4 40.25" 
5 53.66 
6 67.08 

Average effluent 17.74 6.95 

Total resin capacity 1.62 0.16 -0.38 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 29.01 6.00 6.13 137.24 

107.40 
-0.18 

Average effluent 0.92 1.54 
Resin capacity 1.18 0.22 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 32.45 12.00 9.18 

Average effluent 1.79 2.19 110.11 
Resin capacity 1.29 0.23 -0.28 

42.00 9.30 101.30 

0.00 0.02 
0.01 0.08 
0.05 0.45 
0.61 1.73 
0.94 1.01 
0.99 0.98 

0.00 
1.49 
1.41 
1.06 
0.98 
0.94 

107.04 

128.13 
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REGENEHATION for CYCLE 1.01.03 Cate: 7/21/80 

OBS # BED VOLS Cd meq/L 

0.47 0.10 0.30 1.54 
1.63 130.00 64.00 16O.OG 
2.79 394.00 88.00 962.00 
3.96 230.00 64.00 1152.00 
4.54 224.00 60.00 1180.00 
5.12 156.00 54.00 1244.00 
6.28 116.00 44.00 1254.00 
7.45 86.00 43.00 1340.00 
8.61 64.00 44.00 1362.00 

Influent 24.00 44.00 1362.00 

qverage effluent 165.75 54.25 969.76 

Total resin capacity -1.15 -0.08 3.19 

Mg meq/L Na meq/L 
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EXHAUSTION for CYCLE 1.01.03 Date: 7/21/80 

OBS # BED VOLS Ca meq/L Ens m-J/L Na meq/L 

1 
'2 

: 
5 
6 
7 
8 

3.12 0.10 0.90 92.00 
6.24 0.40 0.60 130.80 

21.84 0.40 1.00 130.30 
34.32 1.60 0.90 129.00 
65.50 18.40 14.80 102.00 
78.00 21.10 12.90 101.50 
90.50 23.50 10.70 101.00 
99.84 24.50 9.80 101.00 

Influent 
Cone Ratios (C/CO): 

1 3.12 
2 6.24 
3 21.84/ 
4 34.32/ 
5 65.50J 

7" 78.00 90.50 
8 99.84 

Average effluent 11.18 7.11 

Total resin capacity 1.51 0.05 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 42.49 6.00 4.54 

Average effluent 1.28 1.24 
Resin capacity 1.00 0.25 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 53.62 12.00 9.50 

Average effluent 2.99 2.52 125.36 
Resin capacity 1.20 0.26 -1.18 

26.80 7.60 102.00 

0.00 0.12 0.90 
0.01 0.08 1.28 
0.01 0.13 1.28 
0.06 0.12 1.26 
0.69 1.95 1.00 
0.79 1.70 1.00 
0.88 1.41 0.99 
0.91 1.29 0.99 

114.60 

-1.22 

121.93 

127.69 
-1.01 

112.29 
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REGENERATION for CYCLE 1.01.04 Date: 7/23/80 

OBS # BED VOLS Ca meq/L Ng meq/L Na meq/L 

1 0.30 0.10 1.17 1.59 
2 4.68 114.00 46.00 500.00 
3 8.64 80.00 19.80 523.00 
4 12.24 56.00 15.60 562.00 
5 15.84 40.00 20.00 547.00 
6 19.44 34.00 21.40 553.00 
7 23.40 28.00 23.70 564.00 
8 26.64 27.80 20.80 553.00 
9 30.24 24.80 23.00 556.00 

19 36.00 24.30 2i.00 563.00 
11 41.40 26.40 18.70 547.00 

Influent 22.20 23.10 577.00 

Average effluent 43.09 22.14 518.01 

Total resin capacity -0.86 0.04 2.42 
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EXHAUSTION for CYCLE 1.01.04 Date: 7/23/80 

OBS # BED VOLS Ca meq/L Ms mq/L Na meq/L 

0.30 0.00 0.30 139.00 
6.12 1.20 1.20 127.00 

12.24 1.20 1.80 126.00 
24.48 1.80 1.20 117.00 
36.72 5.60 16.00 102.00 
48.96 16.80 16.20 100.00 
61.20 20.10 14.50 99.00 
73.44 23.30 11.50 101.00 
85.68 23.30 11.50 100.00 

Influent 
Cone Ratios (C/CO): 

1 0.30 
2 6.12 
3 12.24 
4 24.48/ 
5 36.72/ 
6 48.96 J 
7 61.20 
8 73.44 
9 85.68 

Average effluent 11.57 9.63 

Total resin capacity 0.99 0.29 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 37.16 6.00 16.01 

Average effluent 2.09 3.91 
Resin capacity 0.78 0.33 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 43.71 12.00 16.11 

Average effluent 3.13 5.75 
Resin capacity 0.87 0.31 

23.20 13.00 102.00 

0.00 0.02 1.36 
0.05 0.09 1.25 
0.05 0.14 1.24 
0.08 0.09 1.15 
0.24 1.23 1.00 
0.72 1.25 0.98 
0.87 1.12 0.97 
1.00 0.88 0.99 
1.00 0.88 0.98 

108.74 

-0.58 

101.93 

119.93 
-0.66 

100.86 

117.13 
-0.66 
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Fi\e I2 

REGENERATION for CYCLE 1.01.05 Date: 7/28/80 

OBS # BED VOLS Ca meq/L W meq/L Na meq/L 

0.30 0.30 2.70 1.10 
5.04 168.00 37.60 418.00 
6.60 128.80 23.40 470.00 
7.98 104.00 23.40 519.00 

10.98 84.60 19.60 531.00 
11.76 73.60 11.60 525.00 
14.04 55.40 17.40 523.00 
15.60 49.20 18.00 527.00 
18.84 42.00 17.40 514.00 

Influent 22.20 22.60 584.00 

Average effluent 81.55 19.96 434.48 

Total resin capacity -1.10 0.05 2.77 
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EXHAUSTION for CYCLE 1.01.05 Date: 7/28/80 

OBS # BED VOLS Ca meq/L &I mq/L 

1 1.25 0.60 3.00 
2 11.86 1.50 1.70 
3 23.09 7.80 2.90 
4 32.45 27.40 16.50 
5 41.81 35.00 15.20 
6 51.17 39.20 11.10 
7 60.53 39.20 11.84 
8 69.89 39.80 11.60 
9 79.25 41.00 10.40 

Influent 40.08 10.68 
Cone Ratios (C/CO): 

1 1.25 0.01 0.28 
2 11.86d 0.04 0.16 
3 23.09 J 0.19 0.27 
4 32.4SJ 0.68 1.54 
5 41.81 0.87 1.42 
6 51.17 0.98 1.04 
7 60.53 0.98 1.11 
8 69.89 0.99 1.09 
9 79.25 1.02 0.97 

Average effluent 25.41 9.40 

Total resin capacity 1.14 0.10 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 19.88 6.00 2.56 

Average effluent 2.21 2.25 
Resin capacity 0.71 0.16 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 25.10 12.00 5.81 

Average effluent 3.49 2.50 
Resin capacity 0.87 0.20 

Na meq/L 

107.80 
144.30 
130.50 

97.30 
96.00 
94.50 
91.80 
90.50 

/ 

89.00 

92.80 

1.16 
1.55 
1.41 
1.05 
1.03 
1.02 
0.99 
0.98 
0.96 

106.51 

-1.07 

134.44 

131.79 
-0.73 

123.39 

131.47 
-0.92 
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Fde \4 
REGENERATION for CYCLE 1.01.06 Date: 7/18/80 

OBS # BED VOLS Ca meq/L Mg m-x/L Na neq/L 

1 0.20 0.10 0.40 1.29 
2 2.52 360.00 103.00 1016.00 
3 6.84 106.00 45.00 1294.00 
4 9.72 62.00 45.00 1360.00 
5 13.32 42.00 42.00 1396 .OO 
6 16.92 34.00 42.00 1446.00 

Influent 24.00 36.00 1428.00 

Average Bffluent 119.03 52.45 1200.23 

Total resin capacity -1.59 -0.28 3.81 
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EXHAUSTION for CYCLE 1.01.06 Date: 7/18/80 

OBS # BED VOLS 

1 0.30 
2 14.52 
3 34.32 
4 50.16 
5 60.72 
6 87.12 
7 100.32 
8 113.52 
9 126.72 

Influent 
Cone Ratios (C/CO): 

1 0.30 
2 14.52 J 
3 34.32 -' 
4 50.16 L 
5 6 0 . 7 2 ". 
6 87.12 
7 100.32 
8 113.52 
9 126.72 

Average effluent 

Ca meq/L W mq/L Na meq/L 

0.10 0.50 10.00 
0.20 0.70 138.80 
2.40 3.80 127.50 

11.00 13.50 107.50 
14.70 16.20 104.30 
21.80 12.20 99.30 
22.20 12.00 99.30 
22.40 12.00 100.00 
24.40 10.20 100.00 

23.40 12.20 102.00 

0.00 0.04 0.10 
0.01 0.06 1.36 
0.10 0.31 1.25 
0.47 1.11 1.05 
0.63 1.33 1,.02 
0.93 1.00 0.97 
0.95 0.98 0.97 
0.96 0.98 0.98 
1.04 0.84 0.98 

13.01 9.38 

Total resin capacity 1.31 0.36 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 40.95 6.00 7.86 

Average effluent 1.37 2.26 
Resin capacity 0.90 0.40 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 53.01 12.00 14.23 

Average effluent 3.16 4.36 
Resin capacity 1.07 0.41 

105.26 

-0.41 

119.13 

110.99 
-0.37 

106.64 

111.19 
-0.48 

173 



140 

120 

100 

80 

60 

40 

20 

0 

EXHAUSTION f or CYCLE 1.01.06 

--a Ca 

- ‘“~-‘--.---_- -... . -q.- -..., --. -. + -_.. _, 
* Mg 

Bed Volumes 



REGENERATION for CYCLE 1.01.07 Date: 7/29/80 

OBS # BED VOLS Ca meq/L Mg me q/L Na meq/L 

1 

i 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

0.24 0.19 0.10 1.87 
2.02 257.60 59.00 211.00 
3.80 188.40 45.20 363.00 
5.58 159.80 2.00 397.00 
7.37 98.80 24.00 421.00 
9.15 83.20 14.60 439.00 

10.93 59.80 20.40 448.00 
12.83 51.00 20.60 458.00 
14.49 48.40 15.60 470.00 
16.28 38.40 20.20 451.00 
18.06 34.60 16.00 461.00 
20.20 32.40 20.20 470.00 
21.62 29.00 22.40 470.00 

Influent 22.40 21.70 486.00 

Average effluent 88.99 22.37 401.97 

Total resin capacity -1.42 -0.01 1.80 
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EXHAUSTION for CYCLE 1.01.07 Date: 7/29/80 

OBS # BED VOLS Ca meq/L Mg -x/L Na meq/L 

0.30 0.10 0.00 60.30 
13.20 3.98 5.92 115.30 
26.40 22.76 12.76 97.80 
39.60 38.64 2.16 84.50 
51.48 38.40 10.40 82.50 
59.40 46.40 11.40 80.50 
76.56 40.70 11.70 81.00 
92.40 40.60 15.60 79.80 

Influent 
Cone Ratios (C/CO): 

1 0.30 
2 3 26.40 13.20/J 

4 39.60 
5 51.48 
6 59.40 
7 76.56 
8 92.40 

Average effluent 30.32 9.07 

Total resin capacity 1.04 0.23 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 14.62 6.00 6.66 

Average effluent 2.33 3.29 
Resin capacity 0.56 0.12 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 18.84 12.00 8.84 

Average effluent 3.85 4.30 95.03 
Resin capacity 0.70 0.14 -0.28 

41.60 11.60 80.00 

0.00 0.00 0.75 
0.10 0.51 1.44 
0.55 1.10 1.22 
0.93 0.19 1.06 
0.92 0.90 1.03 
1.12 0.98 1.01 
0.98 1.01 1.01 
0.98 1.34 1.00 

87.28 

-0.67 

113.42 

90.43 
-0.15 

107.83 
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REGENERATION for CYCLE 1.01.08 Date: 7/30/80 

OBS # BED VOLS Ca meq/L Mg meq/L Na meq/L 

0.30 0.00 0.46 1.47 
3.62 202.00 35.20 338.00 
5.07 134.40 25.60 470.00 
8.34 89 .OO 23.80 519.00 

11.96 68.00 25.00 552.00 
15.95 52.60 20.40 557.00 
22.47 42.40 21.60 580.00 
26.09 36.00 23.20 593.00 
33.34 32.80 23.20 600.00 

Influent 18.00 22.80 643.00 

Average effluent 65.69 22.67 516.70 

Total resin capacity -1.58 0.00 4.17 
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EXHAUSTION for CYCLE 1.01.08 Date: 7/30/80 

OBS # BED VOLS 

2' 4.16 0.30 

3 10.69 
4 16.63 
5 22.57 
6 29.70 
7 33.26 
8 38.02 
9 42.77 

10 49.30 
11 58.21 
12 67.12 
13 76.03 

Influent 
Cone Ratios (C/CO): 

1 0.30 
2 4.16 
3 10.69 
4 16.63 / 
5 22.57 ---. 
6 29.70 v' 
7 33.26 J 
8 38.02 
9 42.77 

10 49.30 
11 58.21 
12 67.12 
13 76.03 

Average effluent 

Ca meq/L RI l-q/L Na meq/L 

0.10 0.02 0.61 
1.80 1.32 138.00 
1.80 1.34 138.30 
2.40 1.80 134.50 
6.00 5.50 124.00 

16.90 15.00 105.80 
28.60 ll.bO 96.80 
31.40 12.50 90.50 
34.00 13.10 87.50 
35.20 13.60 85.00 
37.20 12.80 85.00 
38.20 10.60 84.80 
42.50 6.60 84.80 

40.20 11.20 93.50 

0.00 0.00 0.01 
0.04 0.12 1.48 
0.04 0.12 1.48 
0.06 0.16 1.44 
0.15 0.49 1.33 
0.42 1.34 1.13 
0.71 0.98 1.04 
0.78 1.12 0.97 
0.85 1.17 0.94 
0.88 1.21 0.91 
0.93 1.14 0.91 
0.95 0.95 0.91 
1.06 0.59 0.91 

23.21 a.77 

Total resin capacity 1.29 0.18 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 22.57 6.00 5.50 

Average effluent 2.37 1.90 
Resin capacity 0.84 0.21 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 26.49 12.00 10.73 

Average effluent 3.37 2.83 122.72 
Resin capacity 0.96 0.22 -0.77 

100.73 

-0.55 

124.00 

123.38 
-0.67 

113.98 
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F,\t 20 
REGENERATION for CYCLE 1.01.08B Date: 7/31/80 

OBS # BED VOLS Ca meq/L Mg meq/L Ma meq/L 

1 
2 
3 
4 
5 
6 
7 
8 

1: 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Influent 2.80 1.97 

0.99 0.00 0.02 0.48 
2.35 729.00 107.00 1110.00 
3.46 280.00 38.00 1708.00 
4.70 270.00 44.00 1828.00 
5.93 183.00 14.00 1828.00 
7.17 64.20 9.60 1885.00 
8.40 38.80 6.40 1850.00 
9.64 27.20 4.40 1860.00 

10.88 20.08 3.96 1870.00 
12.11 10.24 2.16 1860.00 
13.35 13.80 2.40 1825.00 
14.58 7.82 1.90 1833.00 
15.82 6.40 2.34 1833.00 
17.06 5.78 1.98 1823.00 
18.29 5.08 1.24 1823.00 
20.15 3.60 2.00 1795.00 
22.12 3.30 1.38 18.00.00 
23.85 3.40 1.54 1783.00 
25.71 3.34 1.55 1795.00 

Average effluent 83.29 12.31 

Total resin Capacity -1.99 -0.26 

1800.00 

1736.03 

1.58 
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EXHAUSTION for CYCLE 1.02.01 Date: 8/7/80 

OBS $ BED VOLS 

1 0.60 

3' 34.26 46.02 
4 50.80 
5 54.38 
6 60.96 
7 63.94 
8 66.93 
9 70.52 

10 73.51 
11 75.90 
12 78.29 
13 80.68 
14 84.86 
15 90.84 
16 96.81 
17 102.79 

Influent 
Cone Ratios (C/CO): 

1 0.60 
2 34.26 
3 46.02 
4 50.8OJ 
5 54.38/ 
6 60.96 
7 63.94L/' 
8 66.93 " 
9 70.52 yr 

10 73.51; 
11 75.90" 
12 78.29 

1'4' 80.68 04.86 
15 90.84 
16 96.81 
17 102.79 

Average effluent 

Total resin capacity 

Ca meq/L Mg meq/L Na meq/L 

0.00 0.00 5.00 
0.02 0.05 130.50 
0.30 0.66 129.50 
0.90 3.30 123.80 
1.38 7.32 118.80 
1.34 22.26 105.80 
7.20 19.20 103.30 
9.24 18.76 100.00 

11.84 18.36 99.30 
14.80 17.00 98.30 
15.60 16.00 94.00 
18.40 13.60 98.30 
18.20 13.80 95.80 
21.80 10.80 93.50 
22.80 10.40 73.80 
21.00 12.60 95.80 
21.60 12.60 95.00 

22.40 11.20 95.00 

0.00 0.00 0.05 
0.00 0.00 1.37 
0.01 0.06 1.36 
0.04 0.29 1.30 
0.06 0.65 1.25 
0.06 1.99 1.11 
0.32 1.71 1.09 
0.41 1.68 1.05 
0.53 1.64 1.05 
0.66 1.52 1.03 
0.70 1.43 0.99 
0.82 1.21 1.03 
0.81 1.23 1.01 
0.97 0.96 0.98 
1.02 0 .,9 3 0.78 
0.94 1.13 1.01 
0.96 1.13 1.00 

7.13 

1.56 

7.19 

0.41 

93.17 

0.19 

At Breakthrough point of 6.00 meq-Ca/L 
Effluent 63.33 6.00 19.83 

Average effluent 0.43 2.88 
Resin capacity 1.38 0.52 

At Breakthrough point of 12.00 meq-Ca/L 
Effluent 70.68 12.00 18.29 

Average effluent 1.36 4.55 
Resin capacity 1.47 0.47 
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REGENERATION for CYCLE 1.02.01 Date: 

OBS # BED VOLS Ca meq/L 

1 0.36 0.00 0.10 1.57 
2 2.14 86.40 45.40 125.00 
3 4.28 166.00 21.00 411.00 
4 6.59 116.00 35.00 480.00 
5 8.91 89.20 30.00 523.00 
6 11.23 62.60 34.80 532.00 
7 15.15 47.60 26.00 539 .oo 
8 18.71 43.20 19.20 550.00 
9 25.84 33.60 19.80 575.00 

10 33.&6 27.60 20.40 583.00 
11 42.78 22.40 25.40 587.00 
12 49.90 21.00 25.00 583.00 
13 56.81 20.00 25.80 553.00 

Influcnt 22.40 25.40 587.00 

8/7/80 

Kg meq/L Na meq/L 

Average effluent 

Tctal resin capacity 

43.52 24.56 534.45 

-i.23 0.05 3.07 
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APPENDIX G 

Equilibrium-Model Calculations of Specific Resin Capacities 

and Initial Exhaustion-Effluent Compositions for Field 

and Laboratory IX Cycles 





L.01.97 

Q=2.00 eq,L KCCa,Nal=3.0 KCMg,Nal=l. 2 Go= . 614477 eq.,/L 

KCCax’Nal*Q,Co= 9.76 K CMp’Nal *Ci’~‘Ccl= 3’. 91 

Ca Mg Nd K 

Liquid cone mgJL: 380.000 256.000 12500.000 1210.000 

Liquid cone meq,L: 19.000 21.053 574.425 30.346 

Liquid equiv frac: . 031 . 034 . 935 

Resin equiu frac: , 185 . 082 . 732 

Resin cone eq/L: . 371 . 164 1.465 

EXHAUSTION OF ABOVE REGENERRTION 

Q=2.00 eq,L KCCa,Nal=3.0 K C M g ,” N a 1 = 1 . 2 co= .l 3 8 ‘3 4 4 E’ q ,r’ L 

KtCa.‘Nal*Q,Co= 43.18 K[Mg/‘Na]*Q..fCo= 17.27 

Cd Mg Na K 

Liquid cunc mg1L: 440.000 137.000 2310.000 205.000 

Li qui d cotic meq/L: 22.000 11.266 105.678 5.243 

Liquid rquiu frac: . 158 . 081 . 761 

Resin equiu frac: . 637 . 131 . 232 

Resin cant eqJL: 1.275 * 261 .464 

DIFFERENCE BETWEEN REGENERHTION ANIl EXHAUSTION 

Resin cap eq.‘L: . 904 . 097 -1.001 

INITIAL EXHHUSTION LEAKHGE CUNCENTRHTIONS 

Li qui d cone mgiL: 

Liquid cone meq.epL: 

Liquid equiv frac: 

Ca Mg Nd K 

21.513 14.493 3143.563 205.000 

1.076 1.192 136.677 5.243 

. 008 . 009 . 984 
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L.02.12 

Q=2.00 eq/L E c 1: a .s” N 3.1 = 3 . 0 Kcrlg~~t~al=l. 2 CcS= .,651809 eq/L 

K C Ca.‘Nal *Q,‘Co= 9.21 KCMg,Nal+Cd,Co= 3.63 

L i u i cl q c 0 n c m / L : g 

Li qui d cur~c meq/L: 

Liquid equiv frac: 

Resin equiu frac: 

Prsi n cc~nc eq/L: 

Ga Mg Na K 

380.000 237.000 13300.000 1210.000 

19.000 23.602 609.207 30.946 

. 029 . 036 .935 

. 170 . 085 .745 

. 341 . 169 1.490 

EXHHUSTION UF HBUVE REGENERHTION 

Q=2,00 pq/L K[Ca..*‘Na]=3. 0 K C M g /’ N a 1 = 1 . 2 co= . 14266’3 eq.jL 

K t Cafblal *Q./Co= 42, 06 KCHg,Nal*Q.‘Co= 16.82 

ii quid cone mg/L: 

L i 1.1 i d q c 0 n c m c .j L : q 

Liquid equiu frac: 

Resin E-quiv frac: 

Resin cunc eq,L: 

Cd Hg Nd K 

440.000 140.000 2390.000 205.000 

22.000 11 .513 109.156 5.243 

. 154 . 081 . 765 

. 630 . 132 . 238 

1.260 . 264 . 477 

DIFFERENCE BETIdEEN REGENERHT I ON HND EXHHIJST I UN 

Resin cap eq.‘L: . 919 . 034 -1.013 

IN IT I HL EXHHUST I UN LEHKAGE CONCENTRHT IONS 

Cd MGJ Nd K 

20.185 15.245 3229.343 205,000 

1.009 1.254 140.406 5 .L 343 

. 007 . 009 . 984 
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L.03.35 

Q=2,00 eq./L KCCa,Nal=3.0 ECMg,Nal=1.2 co= . 638454 eq,L 

KCC~,N~I*QJCO= 9.40 KC Mg,Nal *Q/Co= 3.76 

Cd Mg Nd K 

L i u i d q c r~ n c m j’ L : g 

Li quid cunc meq/L: 

Liquid equi v frac: 

Resi t-i equi v frac: 

Resi t-i cone rq.‘L: 

360.000 268.000 13200.000 958.000 

18.000 22.039 598.414 24.501 

. 028 . 035 . 937 

,169 . 083 ,748 

.338 . 165 1.497 

EXHHUSTION OF HBDVE RECENERHTION 

Q = 2 . 0 0 e q .*> L KtCa.~~~Nal=3. 0 KCMgz’Nal=l. 2 co= . 140053 eq.,‘L 

ECCa.~Nal*Q,Co= 42.84 KCMg.*‘Nal*Q.yCo= 17. 14 

L i i d qcr c one .‘L : mg 

L i u i d q c on c m e #’ L : q 

Liquid equiv frac: 

Ras.i n equi v frac: 

F’:ez. i n cone eq/L: 

Ca Mg N a e 

410.000 137.000 2370.000 205.000 

20 .500 11.266 108.286 5.243 

. 146 . 080 . 773 

. 620 . 136 . 243 

1.241 . 273 .486 

DIFFERENCE BETWEEN REGENERHTIUN HND EXHHUSTION 

Resi t-1 cap eq.‘L: . 903 . 107 -1.010 

INITIHL EXHAUSTION LEHKHGE CUNCENTRATIONS 

Cd Mg N a K 

L. i u i d q c 0 n c m g / L : 19.124 14 .237 3172.295 205.000 

Liquid cone meq’L: . 956 1.171 137.925 5.243 

Liqiuid equiw tfrac: .007 . 008 .985 
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L.04.11 

R=2.86 eq,L KCCa,Nal=3.0 KCMg,Nal=l. 2 co= . 644592 eq.fL 

K [: CaJNal *Q/Co= 9.31 K [: Mg’Nal *G!.‘Co= 3.72 

Ca Mg Nd K 

Liquid cunc mg.tL: 350 n 800 317.000 13200.000 1060.000 

1.1 quid cone meq/L: 17.500 26.669 601.023 27.110 

Liquid equiv frac: . 027 . 040 . 932 

Resin aquiu frac: . 161 . 096 . 744 

Resin cotic eq/L: . 321 . 192 1.487 

EXHRUSTIUN OF HBOVE REGENERATION 

l2=2. 00 eq,L K~Ca~‘Nal=3.0 KCMg,Nal=l.2 co= . 134468 eqiL 

KCCS’N~I*QJC~= 44.62 KCMg,‘Nal*Q.yCo= 17.85 

Ca Mg Nd K 

Liquid cunc mg/L: 405.080 125.000 2270.000 205.000 

Liquid cone mcq/L: 20.250 10.280 103.939 5.243 

Liquid equiv frac: . 151 . 076 . 773 

Resin equiw frac: . 634 . 129 . 237 

Resi t-1 cc~nc rq.*>L: i. 268 .257 . 475 

IIIFFERENCE BETWEEN REGENERRTION FIND EXHRUSTIUN 

Resin cap eq.NL: . 946 .066 -1.012 

INITIAL EXHAUSTION LEAKAGE CONCENTRHTIUNS 

Ca Mg Nd K 

L i 1-1 i d q c o t-1 c m Y L : g 16.973 15.373 3044.172 205.008 

Liquid cunc roeq,PL: . 849 1.264 132.355 5.243 

Liquid eqcriu frac: . 006 . 009 . 984 



L.05.54 

Q=2.00 E?q/L KCCaJNal=3.0 KCMg,N.al=l. 2 Co=1.433115 Fq,L 

KC Ca,Nal*Q,Co= 4.19 KC tlg,Nal +Qx’Cn= 1.67 

Ca Mg Nd 

Li quid cclnc mg!L: 490.000 366.000 30600.000 

Liquid cone meq/L: 24.500 30.099 1378.517 

Liquid equiv frac: . 017 . 021 . 962 

Resin equiv frac: . 063 . 031 . 905 

Resin COHC eq/L: . 127 . 062 1.811 

EXHHUSTION OF ABOVE REGENERATION 

K 

1880.000 

48.082 

Q=2.00 eq,L KCCa~‘Nal=3.0 KCMg/‘Nal=l. 2 co= . 141185 eq,L 

KCCa,Nal*Q/Co= 42.50 KCMg,Nal*Q,Co= 17.00 

Ca Mg Nd K 

Liquid cone mg)L: 420.000 131.000 2390.000 215.000 

‘_ i qu i d c uric meq.‘L: 21.000 10.773 109.412 5.499 

Liquid equiv frac: .149 . 076 . 775 

Resin equiv frac: . 627 . 129 . 244 

Resin cone sq,L: 1.254 .257 . 488 

DIFFERENCE BETWEEN REGENERRTION AND EXHAUSTION 

Resin cap aq/L: 1.128 .195 -1.323 

INITIAL EXHHUSTION LEAKFlGE CONCENTRATIONS 

Liquid cunc mg/L: 

Liquid cone meq/L: 

Liquid equi v frac: 

Ca Mg Nd K 

5.099 3.808 3234.184 215.000 

. 255 . 313 140.617 5.499 

. 002 .002 l 996 
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L.10.14 

Q=2. 0 0 e q 8’ L K C C a..<’ N a 1 = 3 . 0 K E M g .J’ N a 1 = 1 . 2 co= 1 .514845 *q/L 

K CCa,Nal *G./Co= 3.96 KC Mg,Nal *Q/Co= 1.58 

Cd Mg Nd K 

L i II i d q c 0 t-1 c ril .’ L : g 330.000 549.000 32100.000 2250.000 

Liquid cone meq.,‘L: 16.500 45.148 1453.197 57 .545 

Liquid aquiv frac: . 011 . 030 . 959 

Resin equiv frac: . 039 . 043 . 917 

R s 5 i n c 0 t-1 c e q .J’ L : . 079 . 086 1.835 

EXHHUST I ON OF HElYE HEGENERHT I rJN 

a=2 ‘ 00 eq./L KCCa,Nal=3.0 KCtlg--‘Nal=1.2 c:o= . 140819 rq..‘L 

KCCwNalwQ~Co= 42.61 KCMg,Nal*G!,Co= 17.04 

L 1 1.1 i d c rJ t-1 c rit i/ L : bq g 

Li qui d cortc meq/L: 

Liquid equiv frac: 

Resin equiv frac: 

Resin cunc eq/L: 

Ca Mg N3 K 

435.000 128.000 2370.000 215.000 

21. 750 10.526 108.542 5 499 . 

.154 .075 .771 

.637 . 123 .240 

1 .274 . 247 . 480 

13 I FFERENCE BETWEEN REGENERHT I UN AN13 EXHRUST I ON 

Resin cap eq.->L: 1.195 . 160 -1.355 

INITIRL EXHRUSTION LEAKAGE CONCENTRHTIONS 

Li qui cl cunc mgfL: 

L i q 1-4 i d c 0 t-1 c NI e q .y L : 

Liquid equiv frac: 

Ca Mg Na K 

3.074 5.113 3225.620 215.000 

. 154 . 420 140.244 5.499 

. 001 . 003 . 996 
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E x H H IJ s T I 11 N 0 F H X 0 5’ E R E G E N E R H T I U N 

lJ=z. 00 el+L K c c a.,’ N a 1 = 3 . 0 t<Ctlg~‘Nal=l. 2 Co= . 138051 eq/‘L 

1: [ C.gl,‘t.ja] *n,l;o= 43.46 K C M ..,’ N a 1 g + C! / c 0 = 1 7 . 3 8 

Ca t1g N a K 

L i u q i d c 0 n c rrb ../ L : g 416.000 137.000 2:310.000 217.000 

L i 1.1 04 i d c 0 t-1 c rii e .*’ L q : 20.800 11 .266 105. ‘985 5.550 

L i 1-4 14 i d e u q i 1.~ f t- ac : E 151 . 082 . 763 

Rc3i t-1 equi 0 frac: . 627 . 136 . 238 

R ,:’ 5. i t-1 c 0 t-1 t: e q .c” L : 1 . 253 . 272 . 475 

DIFFERENCE BETWEEN REGENERHT ION HND EXHHUST I UN 

Re5.i t-1 cap eq..fL: 1.191 .204 -1.395 

IN1 T IHL EXHHClST I UN LEHEAGE CONCENTRHT I UN3 

Ca Mg N.3 K 

L i 1-4 i d g c u t-1 c rit g X” L : 2.265 3.710 3165.554 217.000 

L i 1.1 i d q c o t-1 c me X’ L : q . 113 . 305 137. 633 5 .550 

Liquid equic1 frac: . 001 . 002 . 9 9 7 

197 



L. 17.17 

Q = 2 . 0 0 c q . ..’ L K C C a/ 14 a 1 = 3 . 0 KCMgfNal=l. 2 Cu=1.404646 *q/L 

KC CaJNal *a.~ccl= 4.27 KC MglNal *Q./Co= 1.71 

Ca t1g Na K 

L i u i q d 11 0 t-1 1: p;c / L : g 2Y8.000 6”4 ; . 000 23200 000 . 2680.000 

! i 1-4 i lq d c 0 t-1 c rrl e 0,’ L q : 14.400 52.138 1338.107 68.542 

L i 1-4 i q d t’ u i q 1.) f r .ac : . 010 . 037 . 953 

Resin eqcriu ft-.ac: . 039 , 057 . 704 

R F 5 i t-l c IJ t-1 c F q ./ L : . 079 . 114 1.307 

EXHHUST I UN OF HBUVE REGENERAT I ON 

Q = 2 . 0 0 F q ..’ L K[CafNal=3.0 KCMg.fNal=l. 2 co= . 135350 eq”L 

K[C.~/‘NaJsQ.~‘C~= 44. 33 KCtlgiNal*Q,Co= 17.73 

Ca Mg N-3 K 

L i q u i d c 0 n c rin cj ,,’ L : 448.000 127.000 2230.000 217.000 

22.400 10.444 102.506 5.550 

. 165 . 077 ,757 

. 652 . 122 . 226 

1.305 . 243 , 452 

DIFFERENCE BETWEEN REGENERATION AND EXHAUSTION 

Resin cap eq/L: 1.226 . 123 -1.355 

INITIHL EXHHIJSTION LEHKHGE CONCENTRATIONS 

Ca Mg Na K 

2.917 6.422 3097.553 217.000 

.146 . 52% 134.676 5.550 

. 001 . 004 . 995 
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L.18.13 

Q=2.00 eq,L KCCa,Nal=3.0 KCMg.~N~l=l. 2 Co=1.158213 eq/L 

KCCa.xNal +G,‘Co= 5.18 KCMg/Nal*#.‘Co= 2.07 

Ca Mg Nd K 

Liquid cone mg,L: 560.000 1120.000 22300.000 2680.000 

Li qcri d cone mrq/L: 28.00@ 92.105 1038.107 68.542 

Liquid equiv frac: . 024 . 080 . 896 

Resin equiv frac: . 095 . 125 . 780 

Resin cunc eq.-‘L: . 190 . 250 1.560 

EXHAUSTION OF ABOVE REGENERATION 

Q=2.00 eq,L KCCa,Nal=3.0 KCMg.‘Nal=l. 2 co= . 133770 eq,L 

KCCa.‘Nal*Q.‘Co= 44.85 KCMg/Nal*Q/Co= 17.94 

L 1 iqui d cunc mg/L: 

L i i d qu c uric mtqJL: 

Liquid equiv frac: 

Resin squiv frac: 

Resin cone eq,L: 

Ca Mg Nd K 

432.000 97.600 2270.000 213.000 

21.600 8.026 104.143 5.448 

. 161 ,060 . 779 

.665 . 099 ,236 

1.330 .198 . 472 

DIFFERENCE BETWEEN REGENERATION AND EXHAUSTION 

Resin cap eq/L: 1.141 -.052 -1.089 

INITIAL EXHAUSTION LERKAGE CONCENTRATIONS 

Cd Mg Nd K 

Liquid cone mg/L: 9.031 18.063 3032.149 213.000 

Liquid cone mrq,L: ,452 1.485 131.833 5.448 

Liquid equiv frac: . 003 . 011 . 986 
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L. 1’3.27 

Q=2.00 rq,L K c c .a.~’ N a 1 = 3 . 0 KCMg,Nal=l. 2 Cu=l. 512203 E-q.y’L 

KcCa,Nal*afCo= 3.97 K [: Mg.‘Nal *Q/Co= 1.54 

L i q u i d c u n c m g ..f L : 

Liquid cone msq/L: 

Liquid equiv fr-ac: 

Ra5 i n tqui cl frac : 

R e 5 i t-1 c 0 t-1 c e /L : q 

Cd Mg Nd K 

816.000 Y59.000 30900.000 2240.000 

40.800 70.641 1400.767 57.239 

. 027 . 047 . 326 

. 090 . 062 . 848 

. 179 . 124 1.696 

EXHHUST ION OF ABOVE REGENERATION 

lJ=z, 00 eq/L KCCa.,‘Nal=3.0 KCMg,Nal=l. 2 cu= . 136233 eqx’L 

KCCa,NalrQ,‘Cu= 44.04 KCMg,Nal*G,Co= 17.62 

Ca tqg Na K 

448.000 120.000 2270.000 206.000 

22.400 9.868 103.364 5 . 269 

. 164 . 072 . 763 

. 655 . 115 .230 

1.310 . 231 . 459 

DIFFERENCE BETWEEN REGENERHTION HND EXHHUSTIUN 

Ra2.i t-1 cap eq/L: 1. 131 . 107 -1 .237 

ItdITIRL EXHHUSTION LEHKAGE CONCENTHHTIUNS 

Cd Mg N a K 

7.601 8 . 002 310’3.474 206.000 

. 380 . 658 135.135 5. 263 

. 003 . 005 ,992 
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L.20.09 

Q=2.00 eq,,L KCCwNal=3.0 KCMg,N.al=l. 2 Cu=l. 493589 eq.xL 

KtCa.~Nal*Qs’Co= 4.02 KC tlg.JNal *Q/Co= 1.61 

L i q u i d c 13 n c m g /* L : 

L i q 1-1 i d c 0 tic me q / L : 

L i Iqui d equ i v ft-ac : 

Re5 i t-1 equ i rj frac : 

Rez. i t-1 cunc eq,L: 

Ca Mg N a K 

256.000 830.000 30900.000 2700.000 

12.800 68.257 1412.532 69.054 

. 009 . 046 . 946 

. 031 . 067 . 902 

. 063 . 134 1.804 

EXHHUSTION OF HBOQE REGENERATION 

Q=2.00 eq.‘L KCCa,Na3=3.0 KCMg~*Nal=l. 2 co= . 130435 sq.‘L 

KCCa.jNal*Q.,‘Co= 46.00 KCMgfNal*Q,Co= 18.40 

L i q u i d c u t-i c m g .J L : 

L i q u i d c 0 t-1 c m e q ,’ L : 

Liquid equiv frac: 

F’esin equiv frac: 

R E 5. i t-1 c CI t-1 c Q q .,’ L : 

Ca Mg Nd K 

432.000 132.000 2130.000 210.000 

21.600 10.855 97.980 5.371 

. 166 . 083 .751 

. 650 . 131 . 219 

1.300 . 261 . 439 

DIFFERENCE BETMEEN REGENERATION HND EXHAUSTION 

Resin cap eq/L: 1.237 . 128 -1.365 

INITIHL EXHHUSTION LEHKAGE CUNCENTRHTIONS 

L i q 11 i d c ct t-1 c WI g X’ L : 

L i q u i d c 0 t-i c me q ,/ L : 

Liquid equi v tfrac: 

Ca 

2.160 

. 108 

. 001 

Mg Na K 

7.003 2984.270 210.000 

. 576 129.751 5.371 

. 004 . 995 
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L. 22.15 

Q=2.00 eq/L KCCa.jNal=3.0 KCMg!Nal=l. 2 Co=1.44335# eq,L 

KC CafNal *Q/Co= 4.16 KCtlg/Nal*t2fCo= 1.66 

l..i qui d cortc mg/L: 

Cd Mg Na K 

310.000 572.000 30100.000 2820.000 

i i qu i d cone meq/L: 15.500 47.039 1380.818 72.123 

Liquid equiu frac: .011 . 033 . 957 

Resin equiv frac: .040 . 049 . 910 

Resin cunc eq/L: . 081 . 098 1.821 

EXHAUSTION OF ABOVE REGENERATION 

Q=2.00 eq,L KCCa.~Nal=3.0 KCMg,‘Nal=1.2 co= . 136208 eq,L 

KCCa,Nal*Q,Co= 44.05 KCMg,Nal*Q,Co= 17.62 

Liquid cone my/L: 

Ca Mg Na K 

436.000 127.000 2270.000 206.000 

I- 1 i d qu cone meq,L: 21.800 10.444 103.964 5.269 

Liquid aquiv frac: .160 . 077 . 763 

Resin equiu frac: . 645 . 124 . 231 

Resin cone eq/L: 1.291 . 247 . 462 

DIFFERENCE BETWEEN REGENERATION AND EXHHUSTION 

Eesin cap eq.‘L: 1.210 . 149 -1.359 

INITIAL EXHAUSTION LEAKAGE CONCENTRATIONS 

Ca Mg Nd K 

Liquid cnnc my/L: 2.990 5.517 3118.918 206.000 

Liquid cone meq/L: . 149 . 454 135.605 5.269 

Liquid equiu frac: . 001 . 003 . 996 
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L. 23.19 

Q=2.00 eqJL KCCa/Nal=3.0 KCMg,‘Nal=l. 2 Co=l. 435829 eq,L 

KCCa~Nal*i2/Co= 4.18 KCMg,NalwQ/Co= 1.67 

Cd Mg Nd K 

L i u i d c 0 n c q m J L : g 512.000 566.000 29800.000 2660.000 

Liquid cant meq/L: 25.600 46.546 1363.683 68.031 

Li qui d equi v frac: . 018 . 032 . 950 

Resin equiv frac: . 065 . 047 . 888 

Resin cone eq/L: . 130 . 095 1.775 

EXHFlUST I ON OF HBOVE REGENERATION 

Q=2.00 eq.‘L KCCa~Nal=3.0 KCtlg-‘Nal=l. 2 CO= .137711 eq,L 

KCCa,Nal*Q,Co= 43.57 KCMg,Nal*B,Co= 17.43 

Cd Mg Nd K 

Li ,qui d cunc mg/L: 451.000 115.000 2310.000 206.000 

pi qcri d cone meq/L: 22.550 9.457 105.703 5.269 

Liquid aquiv frac: . 164 . 069 .768 

Resin equiv frac: . 657 . 110 . 233 

Resin cone eq/L: 1.314 . 220 . 466 

DIFFERENCE BETWEEN REGENERATION AND EXHAUSTION 

Resin cap rq*‘L: 1.184 .126 -1.309 

INITIAL EXHAUSTION LEAKRGE CONCENTRATIONS 

Liquid cone mg*L: 

L i qu i d cone meq#‘L: 

Liquid equiv frac: 

Ca 

5.166 

. 258 

.002 

Mg Nd K 

5.711 3150.599 206.000 

. 470 136.98’8 5.269 i 

. 003 . 995: 
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L.24.11 

Q=2.00 eq,L KCCa/Nal=3.0 KCMgd~al=l. 2 co=1 .363559 .sqYL 

KCca.~Nal*Q~Co= 4.40 KC M~.~Ndl *o...‘cu= 1.76 

Cd Mg N.3 K 

Liquid cone mg/L: 352.000 478.000 28700.000 2300.000 

Liquid cotic meq/L: 17.600 34.309 1306.650 58.824 

Liquid equiu frac: . 013 . 029 . 958 

Re5. i ti equ i Y f rat : . 051 . 045 . 904 

Rss.in cunc eq/L: . 101 . 090 1.808 

EXHAUSTION OF ABOVE REGENERATION 

a=2.00 eq.z’L KCCalNal=3.0 KCMg”Nal=l. 2 co= . 134726 sq.:‘L 

KCCa.KNal*Q.‘Co= 44.53 KCMg.JNal*QJCo= 17.81 

Ca MGI Nd K 

Liquid cone mg/L: 432.000 117.000 2270.000 188.000 

Liquid cone msq/L: 21.600 9.622 103.504 4.808 

Liquid equiv frac: . 160 . 071 , 768 

Resin equiw frac: . 652 . 116 ,232 

ReTsin cone eq/L: 1.304 . 232 . 464 

DIFFERENCE BETWEEN REGENERATION ANIS EXHAUSTIUN 

Resin cap eq/L: 1.202 . 142 -1.344 

INITIAL EXHAUSTION LEHKHGE CONCENTRATIONS 

Ca Mg Nd K 

Li qcii d cunc mg/L: 3.709 5.037 3084.896 188.000 

Liquid cunc meq/L: . 185 . 414 134.126 4.308 

Liquid equiv frac: . 001 . 003 . 996 
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,J = 2 . 00 eq,L K t I=a.~‘Nal =3. 0 K [: t-1 g . ..’ N a 1 = 1 , 2 Cn=1.5298#3 eq,L 

E c C.WNdl ++G!/cu= 3.92 KCt’lg.~Nal~~/~~= 1.57 

Cd tflg NEl K 

800.000 1320.000 30600.000 1990.000 

40.000 108.553 1381.330 50.895 

. 026 . 071 . 903 

. 085 . 092 . 823 

. 170 . 185 1.645 

EXHHUSTIrJN OF HBOVE REGENERRTIUN 

I;! = 2 . 0 0 e q / L KCCa.'Na3=3.0 KCMg,Nal=l. 2 co= . 136275 eq,‘L 

KC Ca,Nal *a/,co= 44.83 KCMg,Nal*Q/*Co= 17.61 

L i 1-4 i d 1-7 c 0 t-1 c rig ..’ L : g 

L i q u i d c u n c m B q J L : 

Liquid equiu frac: 

R pi 5. i t-1 I u i v f r ac : q 

Resin cnnc eq,L: 

Cd t1g Na K 

432.000 124.000 2270.000 210.000 

21.600 10.609 104.066 5.371 

. 157 . 078 . 764 

. 642 . 126 . 232 

1.284 . 252 . 463 

DIFFERENCE BETWEEN RECENERHTION AND EXHHUSTION 

Resin cap rq/L: 1.114 . 068 -1.182 

INITIAL EXHHUSTION LEAKHGE CUNCENTRHTIONS 

L i q u i d c u tic rit g / L : 

L i qu i d c uric meq,L: 

Liquid equiu frac: 

Ca Mg Na K 

7.625 12.582 3101.759 210.000 

. 381 1.035 134.859 5 .371 

. 003 . 008 . 930 
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L. 26.14 

a=2.00 eq,L KCCa’NaI=3.0 KCMg~Nal=1.2 Co=1.476534 eq/L 

KCCa/Nal*Q/Co= 4.06 KC tlg,Nal *Q/Co= 1.63 

Cd Mg Nd K 

Liquid cotic mg,L: 464.000 605.000 30600.000 2860.000 

Liquid c~lnc meq/L: 23.200 49.753 1403.581 73.146 

Liquid equiv frac: . 016 . 034 . 951 

Resin equiu frac: . 057 . 049 . 895 

Resin cone eq/L: . 113 . 097 1.790 

EXHAUSTION OF HBUVE REGENERHTION 

a=2.00 Fq/L KCCa/Nal=3.0 KCMg,Nal=l. 2 co= . 135120 rq,L 

KCCa,Nal*Q,Co= 44.40 L KCt’lg,Nal*Q-‘Co= 17.76 

Cd Mg Nd K 

Liquid cone mg#L: 448.000 127.000 2230.000 208.000 

Liquid cone meq/L: 22.400 10.444 102.276 5.320 

Liquid equiv frac: . 166 . 077 . 757 

Resin aquiv frac: . 653 . 122 . 225 

Resin cone eq/L: 1.306 . 244 . 451 

DIFFERENCE BETWEEN REGENERATION AND EXHAUSTION 

Resin cap eq/L: 1.193 . 146 -1.339 

INITIHL EXHAUSTION LERKAGE CONCENTRATIONS 

Liquid cant mg,L: 

Liquid cunc meq/L: 

Liquid rquiv frac: 

Cd Mg Na K 

4.258 5.551 3092.370 208.000 

. 213 . 457 134.451 5.320 

. 002 . 003 . 995 
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1.01.01B 

6=2.00 sq,L KCCa./Nal=3.0 KCMg,Nal=l. 2 00=1.487000 eq,L 

KCCa’Nal*Q,‘Co= 4.03 KCMg,Nal*Q-‘Cu= 1.61 

Cd Mg Na K 

L i q 1-4 i d c u n c m / L : 620.000 g 437.760 32660.000 0.000 

L i qu i d cone maq,L: 31.000 36.000 1420.000 0.000 

Liquid equiv frac: . 021 . 024 

Resin rquiu frac: ,073 . 034 

R e :z. i t-1 c 0 t-1 c e q ,/ L : . 147 . 068 

EXHHUSTION OF ABOVE REGENERHTION 

. 955 

. 892 

1.785 

Q=2.00 eq,L KCC.wNal=3.0 KCMg.yNal= 1 .2 1: 0 = . 1 5 5 2 0 0 E’ q . ..” L 

KECa.jNal*Q,Co= 38.66 KCMg,Nal*B,Co= 15.46 

Ca Mg Nd K 

L i i d qu c uric mg/L: 480.000 276.032 2495.500 0.000 

L i u i d q c 0 n c me / L : 24.000 22.700 108.500 q 0.000 

Liquid equiu frac: . 155 . 146 . 699 

Resin equiu frac: .569 .215 . 216 

Resi t-1 cunc eq/‘L: 1.138 . 431 . 431 

II I FFERENCE EETWEEN REGENERHTI ON AND EXHHUSTI UN 

L i q u i d c 0 n c m g x’ L : 

L i q 1-4 i d c o n c m e q ,’ L : 

Liquid aquiu frac: 

Res i t-1 cap eq#‘L: . 991 . 362 -1.353 

I NI T IHL EXHALISTI ON LEHKHGE CONCENTRI;T I ONS 

Ca Mg N a K 

7.331 5.176 3551.379 0.000 

. 367 . 426 154 . 408 0.000 

. 002 . 003 . 995 
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1.01.02x 

Q=2.00 rq/L KCCa.‘Nal=3.0 KtMg~Nal=l. 2 Co= 1.‘462900 eq,L 

KCCa,NalwQ,Cu= 4.10 KC tlg,Nal *Q./Co= 1 l 64 

Ca Mg Na K 

Liquid cone mgJL: 734.000 318.592 32200.000 0.000 

L i i d qu cone meq/L: 36.700 26.200 1400.000 0.000 

Liquid eqcriu frac: . 025 . 018 . 957 

Resin equiv frac: . 088 . 025 . 886 

Resin cone eq/L: . 177 . 050 1.773 

EXHfiUSTIrJN OF HBUVE REGENERHTION 

Q=2.00 @q/L K I: CzdNal =3. 0 K[tlg~‘Nal=l. 2 co= . 116500 aq/‘L 

K[C~,‘N~I*Q.JC~= 51.50 KCM~JN~I*Q.~CO= 20.60 

L i u i d q c 13 t-i c m N’ L : g 

L i 1-4 i d q c 12 t-i c me S’ L : q 

Liquid equiv frac: 

F:ez.in equiu frac: 

RtTsi n cone eq,L: 

Ca Mg Nd K 

454.000 6.080 2145.900 0.000 

22.700 .500 93.300 0.000 

. 135 . 004 . 801 

. 771 . 007 . 222 

1.542 . 014 . 444 

DIFFERENCE BETWEEN REGENERHTION HND EXHAUSTION 

Resin cap eqfL: 1 .366 -.037 -1.329 

IN IT I AL EXHHUST ION LEHKAGE CClNCEN-l-R@r’F IONS 

L i q u i d c u n c m g 8’ L : 

L i q u i d c 13 t-1 c h’i e q >.’ L : 

Li qui d eqcri v frac: 

Ca Mg N a K 

5.045 2.190 2669 . 556 0.000 

.252 . 180 116.068 0.000 

. 002 l 002 .  996 
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1.01.02B 

Q=2.00 eq”L KCCafNal=3.0 KCMg/‘Nal=l. 2 Cu=1.408000 E-q/L 

KC Ca~NalwQ/Co= 4.26 KEMg,Nal*Q,Co= 1.70 

Li qui d cunc mg,jL: 

Li qui d cclnc meq,L: 

Liquid aquiu frac: 

Resin equiv frac: 

Resin cone eq#L: 

Ca Mg Nd K 

466.000 543.552 30820.000 0.000 

23.380 44.700 1340.000 0.000 

. 017 . 032 . 952 

. 062 . 047 . 891 

. 124 . 095 1.782 

EXHHUSTION OF HBOVE REGENERHTION 

4=2.00 eq./L KCCa,Nal=3.0 KCMg,‘Nal=l. 2 co= . 152600 tq.,L 

KCCafNal*B/Co= 39.32 KCMg,Nal*Q,Co= 15.73 

Ca Mg N.3 K 

L i u i d q c 0 t-i c m g/L : 840.000 113.088 2329.900 0.000 

Liquid cone meq.fL: 42.000 9.300 101.300 0.000 

Liquid equiv frac: . 275 . 061 . 664 

Res i n equ i v frac : . 757 . 067 . 176 

Re5.i t-1 cutic eq/L: 1.515 . 134 . 351 

DIFFERENCE BETWEEN REGENERATION HND EXHHUSTION 

Resin cap eq.xL: 1.391 . 039 -1.430 

INITIAL EXHHUSTION LEAKAGE CONCENTRHTIONS 

Ll qui d cone mg/L: 

Li qui d cone meq/‘L: 

Liquid equiv frac: 

C-3 rig Nd K 

5.975 6.969 3489.748 0.000 

. 299 . 573 151.728 0.000 

. 002 . 004 . 994 

209 



1.01.03 

c!=2.00 eq/L KCCait~al=3.0 KCMg.,~Nal=l. 2 Co= 1 . 430000 eq’L 

KC Ca.‘Nal +O/-Co= 4.20 KCMg,NalwQ,Co= 1.68 

Ca Mg Nd K 

Liquid cot-IC mg,L: 480.000 535.040 31326.000 0.000 

Li qui d cone MaqNL: 24.000 44.000 1362.000 0.000 

Liqcrid aquiv frac: . 017 . 031 . 952 

Res i t-t i v f rat : equ . 062 . 045 . 893 

Resi n cnnc eq/L: .124 . 091 1.786 

EXHRUST ION OF HBUVE REGENERRT I ON 

G!=2.00 eq/L KCCa,Na3=3.0 K[Mg/‘Nal=l. 2 co= . 136400 eq”L 

KCCa,Nal*Q/Cu= 43.99 KCMgx’NalwQ,Co= 17.60 

L i u i d q c 0 t-1 c m .” L : g 

L i u i d q c on c me x’L : q 

Liquid equiv frac: 

Res i t-1 equ i v frac : 

Resin cunc eq,L: 

Cd Mg Na K 

536. 000 92.416 2346.000 0.000 

26.800 7.600 102.000 0.000 

. 196 . 056 . 748 

. 706 . 030 . 214 

1.412 . 160 . 427 

DIFFERENCE BETWEEN REGENERATION HNII EXHAUSTION 

Resi t-1 cap eq’L: 1 ,289 . 069 -1.358 

INITIAL EXHAUSTION LEHKAGE CONCENTRHTIONS 

Ca Mg N a K 

4.767 5.313 3121.669 0.000 

. 238 . 437 135.725 0.000 

.002 . 003 . 995 
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1.01.04 

Q=2.00 eq/L KCCa.~Nal=3.0 KCMgfNal=l. 2 CO= 

KC Ca/Nal *G/co= 9.64 KfMg,Nal*Q/Co= 

Ca Mg Nd 

L i q u i d c 0 t-i c m g Y’ L : 444.800 230.896 13271.800 

!Li qui d cone meq/L: 22.200 23.100 577.000 

Liquid equi CI frac: s 036 . 037 . 927 

R e 5 i n E’ qu i v f t- ac : . 203 . 085 . 712 

Resi ti cone eq/L: . 406 . 159 1.425 

EXHHUSTIUN UF HBUVE REGENERHTIUN 

. 622300 eq)‘L 

3.86 

K 

0.000 

0.000 

Q=2.00 rq/L KCCa,Nal=3.0 KCMg,Nal=l. 2 CO= . 138200 rq.xL 

KCCa.‘Nal*Q,Co= 43.42 KCMg,Nal*Q,Co= 17.37 

Ca Mg Nd K 

Liquid cone mg/L: 464.000 158.080 2346.000 0.000 

L i CI i d q c u n c m B q/L : 23.200 13.000 102.000 0.000 

Liquid equiv frac: . 168 . 094 . 738 

Res i t-1 equ i 1.~ f rat : . 638 . 143 . 218 

R E’ 5 i n c o t-1 c I /L : 1.277 . 286 . 437 q 

DIFFERENCE BETWEEN REGENERHTION AND EXHAUSTION 

Resin cap eq/‘L: . 871 . 117 -.988 

INITIAL EXHHUSTION LEHKHGE CONCENTRHTIONS 

L i q u i d c u t-t c m g ../ L : 

L i q 1-1 i d c o n c m e q ..,’ L : 

Liquid equiv frac: 

Cd Mg Na K 

24.556 15.535 3120.976 0.000 

1.228 1.273 135.695 0.000 

. 009 . 009 . 982 
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1.01.05 

Q=2, 00 eq,L KCCa~‘Nal=3.0 KCMg~‘Nal=l, 2 co= . 623300 eqs”L 

ECCa~Nal*a~Uo= 9.54 KCMg.,‘Nal*Q/Co= 3.32 

Cd Mg Na K 

L i u i d q c 0 t-1 c ril .#* L : g 444.000 274 .816 13432.000 0.000 

L i u i d lq c 0 t-1 c m e .ez L : q 22.200 22.600 584.000 0.000 

Liquid equiv frac: . 035 . 036 . 923 

R e 5 i rl equi 1%) frac: .201 . 082 . 717 

Resin CU~C eq/L: . 402 . 164 1.435 

EXHHUSTION OF HBOVE REGENERHTION 

Q = 2 . 0 0 e q ..” L KCCa~‘t~al=3. 0 ECMg/Nal=l. 2 co= . 143600 eq/L 

ECCw’Nal*Q/‘Co= 41. 78 KCtlg~‘Nal*Q~Co= 16.71 

Ca Mg Na K 

802.000 130.112 2134.400 0.000 

40.100 10.700 92.800 0.000 

. 279 . 075 . 646 

. 755 .0#1 ,164 

1.510 . 161 . 329 

DIFFERENCE BETWEEN REGENERHTION HND EXHRUSTION 

Resi t-1 cap sq,L: 1.108 -. 002 -1.106 

I HIT IHL EXHAUST I Otd LEHKHGE OUNCENTRHTI UNS 

L i lq 1-1 i d c o t-1 c m g 1 L : 

L i qu i d c uric mrq/L: 

Liquid equiv frac: 

Ca Mg Nd E 

25.873 16.017 3242.745 0.000 

1.294 1.317 140. 98’9 0.000 

. 009 . 009 . 982: 

212 



Cd Hg Nd K 

L i 1-4 i d lq c 0 t-i c rfi . ...’ L : g 468.000 148.352 2346.000 0.000 

L i 1-4 i ci q c ci t-1 c rr~ e X> L : q 23. 400 12 .200 102.000 0.000 

Liquid equiu frac: . 17B . 0S3 . 741 

Res.i t-1 equi v frac: . 646 . 135 . 219 

R e 5. i rk 1: 13 f-l c e q /” L : 1.293 . 270 . 438 

II IFFERENCE EETMEEN REGENERRT I ON FiND EXHFIUSTI ON 

R e 5. i t-1 c ap e q ,.) L : 1.177 . 200 -1.376 

IN IT1 FiL EXHRUSTI ON LEFIKFIGE CONCENTRnT I ONS 

C% Mg N % K 

L 1 mu i 13 q c CI t-1 c m g X’ L : 4.421 4.032 3152.089 0.000 

L i q 1-d i ci c 0 n c rh e q .p” L : . 221 ,332 137.047 0.000 

Liquid equiu frac: . 002 . 002 . 336 
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1.01.07 

IN I TI fiL EXHFIUSTI CtN LEftKt3GE CONCENTRftTI ONS 
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1.01.08 

Q=2.00 eq/L KrCaxsNal=3.0 KCMgfNal=l. 2 Go= . 683S00 eq/‘L 

KCCa~Nal*Q.~Co= #.77 K[Mg./Nal*Q/Co= 3.51 

Ga Mg Nd K 

360.000 277.24# 14789.000 0.000 

13.000 22.800 643.000 0.000 

. 026 . 033 . 940 

. 154 .07# . 768 

. 308 . 156 1.536 

EXHRUSTION OF FIEOVE REGENERRTIDN 

@=2.00 eq/L KECa’Nal=3.0 KtMg.HNal=l.2 Go= . 144900 eq/L 

K[C~JN~I*Q-‘CCJ= 41.41 K[Mg/‘Nal*Q/*Co= 16.56 

L i i* i d q c o t-1 c m / L : g 

Liquid cotic meq/L: 

Li quid equi v frac: 

R>ss.it-i equiv frac: 

Resin ccinc eq.‘L: 

Ga Mg Na K 

804.000 136.192 2150.500 0.000 

40.200 11.200 93.500 0.000 

. 277 . 077 . 645 

. 751 . 084 . 165 

1.503 . 167 . 330 

IIIFFERENCE EETWEEN REGENERBTION fiNIl EXHfiUSTION 

Resin cap eq.NL: 1.194 . 011 -1.206 

INITIRL EXHRUSTIDN LERKRGE CONCENTRfiTIDNS 

Ga Mg Nd K 

Liquid cor~c mg/L: 17.777 13.691 3286.362 0.000 

Li qui d cortc meq/L: . 8#9 1.126 142.885 0.000 

Liquid equiv frac: . 006 . 008 . 986 
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1.02.01 

Q=2.00 eq/L K [ Ga/Na] -- -a. 0 K II t1 g s’ N a I = 1 . 2 Go=1 . 804B00 eq.a>L 

K [ Ga/‘Na] sQ/‘Co= 3.32 K E MgfNal +Qi’Co= 1.33 

Ga Mg Nd K 

Li quid cotic mg/L: 56.000 24.320’ 41400.000 0.000 

Li qui d cortc meq/L: 2.300 2.000 1300.000 0.000 

Liquid equiv frac: . 002 . 001 

Res.in equiv frac: . 005 . 001 

R e 5. i n c o t-1 c e q J L : . 010 . 003 

EXHFIUST I ON OF REOVE RELENERRT I UN 

. 997 

. 993 

1.987 

Q=2.00 .sqy’L K c G a./ N a I = 3 . 0 K L M g .’ N a 1=1.2 Go= . 128600 eqx’L 

KtC.w’Nal*Qi’Co= 46.156 KEMg..‘Nal*Q/Co= 18.66 

Ga Mg Na K 

L i q u i d c 0 t-1 c m g J’ L : 44#. 000 136.192 21#5.000 0.000 

Li quid cone meq.yL: 22.400 11.200 95.000 0.000 

Liquid equiv frac: . 174 . 0#7 . 739 

Re5i tn equiu frx: . 65# . 132 . 210 

R=.s.i n cone eq/L: 1.316 . 263 . 420 

DIFFERENCE EETblEEN REGENERmTION RND EXHFiU5’TIttN 

Resin cap eq/L: 1.306 . 260 -1 .566 

INITIFiL EXHRUSTION LEFIKRGE CONCENTRRTIUNS 

G.a MGl N.3 K 

Li lqui d cone mg.‘L: .2#6 . 124 2957.237 0.000 

Liquid cone rneq/L: . 014 . 010 128 . 576 0.000 

Liquid equiv ft-ac: . 000 . 000 1.000 
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APPENDIX H 

Multiple Linear Regression of Laboratory Exhaustion Data 
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Variable # 2 

0.00000 . 00000 

:300.00000 . 00000 

600.00000 . 0002? 

1200.00000 . 00040 

1800.00000 . 00120 

2400.00000 . 00570 

3000.00000 . 01200 

3600.00000 . 01680 

4200,00000 . 01810 

5400.00000 . 02200 

1.01.0lR 
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0.00000 . 00000 -150.00000 

300.00000 . 00000 3300.00000 

600.00000 . 00027 6750.00000 

1200.00000 . 00040 13650.00000 

1800.00000 . 00120 20550.00000 

2400.00000 . 00570 27450.00000 

3000.00000 . 01200 34350 00000 . 

3600.00000 . 01680 41250.00000 

4200.00000 . 0lSl0 4S150.00000 

5400.00000 . 02200 61950.00000 

1.01.0lR 

Variable # 3 

-12.29225 

-12.29225 

-4.39124 

-3.99820 

-2.89959 

-1.34144 

-. 59700 

-. 2505:3 

-. 1#&00 

. 00913 

Subf i 1 e name: beg i nni t-11~ abservat i art--number of abservat i orIs 
1. 1.01.0lRl 1 3 
2. 1.01.0li?2 4 4 
3. 1.01.0lR3 3 3 

***********************************************s***********s******************** 
POLYNOtl I RL REGRESS I ON ON IIFITR SET : 

1.01.0lR 
*************************************’******************************************* 

--where: Dependent sari abl e = 1 ~ICC.JC~~ 
Independent variable = y=Vt-mx 

******************************************************************************** 

POLYNONIRL REGRESSION on Subf i 1 e/l. 01.0lR2’ CIF 
1.01.0lfl 

*********************************s********************************************** 

--where: Depertdent wariabl e = 1 ~ICC.JC~~ 
Independent variable = y=Vt-mx 

SFiR IRBLE N HERN VRR I FINCE 
y=Vt -mx 4 24000.00000 
79350000 M7D. 5Il 

3907. #6170 37.11609 
lti~C.~C0~ 4 -2.20906 2.34311 

CCIRRELF~TION = .991971573633 

STfiNnfiRD COEFFICIENT 
DEVIFITIIIN OF VFIRIRTION 

1.53072 69.29301 

Selected degree of regression = 1 
R-SQURREII = .984007602#46 
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r3 7.02934 
1 6 91692 

1 ;. 91692 
2 . 11242 

. ElEiBl7 . 17045995309 lE-03 

CCIEFFICIEHT 
-6.30010 

. 00017 

Cl Ei !S # OBSERVED ‘f PREDICTED Y 
4 -3.99320 -3.97332 

5 -2.39959 -2.7 971s 
6 -1.:34144 -1.62097 
7 -. 59700 -. 44480 

MEfiN SQIJRRE F-VRLIJE 

6.91692 12:3.06 
6.91692 12:3. 06 
. 05621 

STRNDRRII ERROR 
REG. COEFFICIENT T-VFILUE 

. 38737 -16.26 

. 00002 11.09 

9 5 :< C 12 N F I II E N C E I td T E R V t? L 
LONER LItlIT LIPPER LItlIT 

-7.95527 -4.64493 
. 00010 . 00024 

RESIDUflL STtiND.RES’. SIGHIF. 
-. 02488 -. 10495 
-. 10244 -.43210 

.27953 1.17904 
-. 15220 -. 64199 
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X 

0086s 

008CG 

0086C 

00868 

008CB x 

P 

00862 ?- 

1 

0081rZ 

0086 1 

008bI 

0086 

008b 

00% 

(03/3)“1 

222 



# 

X 

I I I I I - 

0091& 

0096Z 

009LZ 

009sz 

009&Z 

0091z 

X 

00961 

009Ll 

009s’I 

I I I I ‘009E 1 
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Vat-i ab 1 es names: 
1. TIME (5) 
2. c CC%> 

OES# 
1 

2 

:3 

4 

5 

c 

7 

8 

9 

10 

11 

Variable # 1 Variable # 2 

0.00000 . 00020 

600.00000 . 00078 

1200.00000 . 00220 

1800.00000 . 00850 

2400.00000 . 01620 

2820.00000 . 01980 

3000.00000 . 02070 

4030.00000 . 01910 

4500.00000 . 02220 

5100.00000 . 02380 

5700.00000 . 02400 

1.01.01E 

1.01.01E 
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y/ 3 
J 4 

J 5 

6 

7 

8 

9 

10 

11 

Variable # 1 Variable # 2 Variable # 3 Variable # 4 

0.00000 . 00020 -150.00000 

600.00000 . 00078 6930.00000 

1200.00000 . 00220 14010.00000 

1800.00000 . 00350 21090.00000 

2400.00000 . 01620 28170.00000 

2820.00000 . 01980 33126.00000 

3000.00000 . 02070 35250.00000 

4080.00000 . 01910 47994.00000 

4500.00000 . 02220 92950.00000 

5100.00000 . 02380 60030.00000 

5700.00000 . 02400 67110.00000 

Slrbf i 1 e name: beg i tit-1 i ng obsrr.u.at. i on--number of 
1. 1.01.01El 1 
.-, L. 1.01.01B2 2 

-4.79991 

-3.43894 

-2.40202 

-1.05041 

-.40546 

-.20479 

-.16034 

-.24079 

-.09038 

-.02079 

-.01242 

observations 
1 
4 

3. 1.01.01B3 6 6 

* * * * * The data and related information are stored in 111E:HE: + S * * Q 



--where: Dependent sari abl e = 1 nCC/CB) 
Independent variable = y=Vt-mx 

Da7.a f i 1 e name: DATA 
Number of obseruat. i ens: 11 
Number of variables: 4 

Var i ab 1 es names: 
1. TINE (51 
2. c (Cd> 
3. y=Vt -mx 
4. 1 nCCJCB> 

Subf i 1 E- name bag i nn i ng obseruat i on--number of ubsarvat i uns 
1. 1.01.01El 1 1 
2. 1.01.01B2 2 4 
3 . 1.01.01E3 6 6 

--where: Dependent variable = 1 nCC/C#> 
Independent var i ab 1 e = y=Vt -mx 

VHRIHBLE N M E H N V H R I H N C E 
y=Vt-mx 4 17550.00000 
83544000 MTIS. 5U 

9140.24070 52.08114 
1 tiCC,‘CO> 4 -1.82421 1.85094 

CORRELHTION = .991#11233426 

STHNDHRD CUEFFICIENT 
ISEVIATION 0 F V H R I 17 T I 0 N 

1.36049 74.57989 

Se1 ec t ed degree of regressi on = 1 
R-SQUHRED = .983&;895228 
STHNDARD ERROR OF ESTIMHTE = .212801567099 

HOP 
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TOTAL 
REGRESS I UN 

%^ 1 
RESIDUAL 

VHRIHBLE 
‘CONSTANT’ 
x 23 1 

:3 5.55281 
1 5.46224 

1 5.46224 
2 . 09057 

REGRESSION COEFFICIENTS 
STD. FORMAT E-FORMAT 

-4.41507 -.441506963643E+01 
. 00015 . 147627494460E-03 

MEHN SQUARE F-VALUE 

5.46224 120.62 
5.46224 120.62 
. 04528 

STHNiJHRD ERROR 
REG. COEFFICIENT T-VALUE 

. 25879 -17.06 

. 00001 lQ.98 

COEFFICIENT 
-4.41507 

. 00015 

UBS# OBSERVED ‘I’ 
2 -3.43894 
3 -2.40202 
4 -1.05041 
5 -. 40546 

PREDICTED Y 
-3.39201 
-2.34681 
-1.30161 

-. 25640 

95 Y CONFIDENCE INTERVAL 
LOWER LIMIT UPPER LIMIT 

-5.52083 -3.30931 
. 00009 . 00021 

RESIIlUHL 
-. 04693 
-. 05521 

. 25120 
-. 14906 

STHND. RES. SIGNIF. 
-. 22051 
-. 25944 
1.18043 
-. 70047 
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x 

X 

X 

x 

00829 

008SS 

0088b 

008Tb 

ii 
008trE $ 

> 
k 

008LZ 

00802 

008&I 

0083 

00% 

(03O)Ul 
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Data fi le name: 
N u m b e r uf observat. i uns: 8 
Number of uar i abl es: 2 

Vari abl as names: 
1. TIME (5) 
2. c (Ca) 

1.01.0221 

OBS# 
1 

2 

Variable # 1 Variable # 2 

0.00000 . 00020 

600.00000 . 00020 

1200.00000 . 00390 

1800.00000 . 00140 

2400.00000 . 00570 

3000.00000 . 01510 

3720.00000 . 01840 

4140.00000 . 01580 

The f o 1 1 ObJ i ng t ransf or-mat i on ~rlas perf armed: a3 (X^b) +I: 
uhere a = 11.1 

b= 1 
c = -150 
X is Variable # 1 
Transformed data i 5. stored i n Var i abl c # 3 iIy=Vt-mx>. 

The f o 1 1 OIJ i rig t. ransf clrmat i on was perf armed: a* 1 n (1 bX > +c 
Where a = 1 

I3 = 44.0529 
c= 0 
X is Variable # 2 
Transformed dat.a is stored in Variable # 4 ClnCCHCB>>. 
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1.01.02x 

0.00000 
2 

4 
600.00000 

4 1200.00000 
1x 1800.00000 

J 6 2400.00000 

:3000.00000 
7 

3720 . 00000 
8 

4140.00000 

. 00020 

. 00020 

.00390 

. 00140 

. 00570 

. 01510 

. 01840 

. 01880 

-150.00000 -4.73180 

6510.00000 -4.73180 

13170.00000 -1.76139 

19830.00000 -2.78589 

26490 00000 . -1.38190 

:3:3 150.00000 -.40767 

41142.00000 -.21001 

45804.00000 -. 18851 

Variable # 4 

S 1-4 b f i 1 E’ t-i .am E’ : bagi nni ng obseruat i on --number of obsarvat i ens 
1. 1.01.02x1 1 2 
,5 L. 1.01.0zx2 3 4 
:3. 1.01.02X3 7 2 
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******~***~*************~~**~***~s***~****~**********~******~~*~**~~**~*~~~*~*** 
FOL’I’N~~P~IFIL REGRESSION ON DHTH SET: 

1.01.02X 

--where: Dependent uari abl e = 1 nCC/CO> 
Independent variable = y=Vt-mx 

Dbseruatiun # 3 Variable # 2 -- correct value = .00039 

Variable # 1 

0.00000 . 00020 -150.00000 -4.73180 

600.00000 . 00020 6510.00000 -4.73180 

1200.00000 . 00039 13170.00000 -1.76139 

1800.00000 . 00140 19830.00000 -2.7 8589 

2400.00000 . 00570 26490.00000 -1.38190 

3000.00000 . 01510 33150.00000 -. 40767 

3720.00000 . 01840 41142.00000 -. 21001 

4140.00000 . 01880 45804.00000 -. 18851 

Variable # 2 

1.01.02x 

Variable # 3 Variable # 4 
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- - I.4 t-l e r a : Dependent. sari abl I = 1 nCCjC0) 
Independent, uar i abl e = y=Vt -mx 

OBS# 
1 

2 

3 

4 

5 

G 

7 

8 

Par i ab II # 1 Variable # 2 Vat- i ab 1 e # 3 

1.01.02x 

0.00000 . 00020 -150.00000 -4.73180 

600.00000 . 00020 r;510.00000 -4.73180 

1200.00000 . 00039 13170.00000 -4.06397 

1800.00000 . 00140 19830.00000 -2.78589 

2400.00000 . 00570 26490.00000 -1.33190 

3000.00000 . 01510 33150.00000 -. 40767 

3720.00000 . 01840 41142.00000 -. 21001 

4140.00000 . 01Y80 45804.00000 -. 18851 

-4.063973464 

Vat-i ab 1 e # 4 
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3~****************************************************************************** 

PULYNOMIAL REGRESSION ON DATH SET: 
1 01 02% . . 

******************************************************************************** 

--where: Dependent variable = 1 nCC/CB> 
I ndepertdent vat-i abl e = y=Vt -mx 

******************************************************************************** 

POLYNOMIHL REGRESSION un Subfi 1 e” 1.01.02X2 OF 
1.01.02x 

--where: Dependent variable = ln~C~C03 
Independent variable = y=Vt-mx 

VHRIHELE N 
y = v t - m x 4 
73926000 tl7D. 5D 

8598 l 02303 
1 n C I= .‘. C 0 > 4 

MEAN 
23160.00000 

37.12445 
-2.15986 

CORRELATION = .997493234792 

VHR I HNCE 
STANDARD COEFFICIENT 

DEVIATION OF VARIRTIrJN 

2.56432 1.60135 74.14142 

Selected degree of regression = 1 
R-SQUARED = .9949927535 11 
STHNDRRD ERROR OF ESTIMATE = .138781396736 

SrJClRCE DF SUM UF SQUARES MEHN SQUARE F-VRLUE 

TOTAL 3 7.69296 
REGRESS I ON 1 7.65444 

x *’ 1 1 7.65444 
RESIDUAL 2 . 03852 

VARIHBLE 
‘CONSTFINT’ 
X’, 1 

‘CONSTANT 
>: A 1 

REGRESSION COEFFICIENTS STHNDARD ERROR 
STD. FORMAT E-FORMHT REG. COEFFICIENT T-VHLUE 

-6.46251 -.646250843946E+01 .22671 -28.51 
.00019 . 185779373551E-03 .00001 19.94 

7.65444 397.42 
7.65444 397.42 
. 01926 

COEFFICIENT 
-6.46251 

. 00019 

95 :: CONFIDENCE INTERVAL 
LOWER LIMIT UPPER LIMIT 

-7.43120 -5.49382 
. 00015 . 00023 

OBS# OBSERVED L’ PREDICTED ?’ RESIDURL 
3 -4.06397 -4.01579 -. 04818 

STHND.RES. SIGNIF. 
-. 34716 



4 -2.78589 -2.77850 -. 00739 -. 05324 
5 -1.33190 -1.54121 . 15931 1.14796 
6 -. 40757 -. 30392 -. 10375 -. 74756 
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X 

X 

X 

I I I I I 

008lt 

008SE 

-11 
x 

008Ll 

008s 

00z- 

(03O)Ul 
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**************************************************************~***~*******~**~*~ 
* ERSIC STATISTICS AND ISfiTH MHNIPULHTION * 
******************************************************************************** 

1.01.02B 

Data file name: 
Number of observations: 6 
Number of variables 2 

Variables names: 
1. TINE (~1 
2. c <Cd> 

Obseruation # 4 Var 
Obsersatiun # 4 Vat- 

able # 1 -- correct value = 1800 
able # 2 -- correct value = .0256 

1.01.02B 

Variable -# 1 Variable # 2 
OBS# 

1 
4 0.00000 . 00006 

% 720.00000 . 00040 

4 1200.00000 .00220 

1800.00000 . 02560 
5 

2400.00000 . 03960 
6 

3000.00000 . 41400 

The following transformation was performed: a*<X*b>+c 
where a = 1 1 . 18 4fiw ,9fc. NY/W 

b = 1 
C = -150 --& 81 
X is Variable # 1 
Transformed data is stored in Variable # 3 Cy=Vt.-mx). 

The following transformation was performed: a*lnCbX>+c 
where a = 1 

23.8095 = --!- 
/ 

b= 
c = 0 

rg . Q$c L 

X is Variable # 2 
Transformed data is stored in Variable # 4 ClnCCfCB>>. 
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Variable # 1 
UBS# 

0.00000 

4 
720.00000 

4 
1200.00000 

1800.00000 
5 

2400.00000 
6 

3000.00000 

Variable # 2 Variable # 3 Variable # 4 

. 00006 -150.00000 -6.55108 

. 00040 7899.60000 -4.65396 

. 00220 13266.00000 -2.94921 

. 02560 19974.00000 -. 49508 

. 03960 26682.00000 -. 05884 

. 41400 33390.00000 2.28820 

1.01.02B 

Subf i 1 e name: beg i nni ng obscrvat i on --number of obsaruat i ens 
1. 1.01.02Bl 1 1 
2. 1.01.02B2 2 3 
3. 1.01.02B3 5 2 

* * * * * The data and related informat ion are stored in 112B:HQ 9 * * * 8 
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******************************************************************************** 
POLYNOMIAL REGRESSION ON DATA SET: 

1.01.0ZB 

--where: Dependent variable = ln<C~CB> 
Independent vdri dbl e = y=Vt-mx 

******************************************************************************** 

POLYNOMIHL REGRESSION on Subfile’l.01.02B2’ OF 
1.01.02B 

******************************************************************************** 

--where: Dependent variable = 1 nCC/CC?> 
Independent variable = y=Vt-mx 

VHR I ABLE N MERN VRR I ANCE 
y=Vt -mx 3 13713.20000 
36597774.72 M7D.5D 

6049.60947 44.11523 
1 nCC/CB> 3 -2.69942 4 .37088 

CORRELATION = ‘99921612946 

Selected degree of regression = 1 
R-SQUARED = .998432873616 
STANDRRD ERROR OF EST1 MATE = . 117044558566 

ROV 

SOClRCE BF SlJM OF SQUHRES M E H N S Q U H R E F-VHLUE 

TOTHL 2 8.74175 
REGRESS I ON 1 8.72805 

X” 1 1 8.72805 
RES I DIJRL 1 . 01370 

REGRESSION COEFFICIENTS STANDHRU ERROR 
VARIABLE STD. FORMAT E-FORMHT REG. COEFFICIENT T-VHLUE 
‘CONSTRNT’ -7. 43480 -.743430078367E+01 . 19941 -37 -2 I 
S--l . 00035 .345315692810E-03 . 0000 1 25.2 4 

STHNDHRD COEFFICIENT 
DEVIHTION OF ‘VHRIATION 

2.09066 77.44870 

B.72305 637.11 
3.72805 637.11 
. 01370 

COEFFICIENT 
-7.43480 

. 00035 

95 :‘; CONFIDENCE I NTERVRL 
LOWER LIMIT ClPPER LIMIT 

-9.69010 -5.17951 
. 00019 . 00050 
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Data file name: 
Number of observations: 3 
Number of variables: 2 

Variables names: 
1. TINE (5) 
2. c (Cd> 

Variable # 1 
OBS# 

1 
0.00000 

2 900.00000 

4 180.00000 

I4 3000.00000 

6000.00000 
6 

7200.00000 
7 

8400.00000 
8 

9300.00000 

1.01.03 

Variable # 2 

. 00010 

. 00040 

. 00040 

. 00160 

. 01840 

. 02110 

. 02350 

. 02450 

The foll.owing transformation %~as performed: a*<>(-'b>+c 
where a = 5.2 

b = 1 
c 3 -150 
X is Variable # 1 
Transformed data is stored in Variable # 3 Cy=Vt-mx). 

The following transformation was performed: a+lnCbX>+c 
where a = 1 

b = 37.3134 
c = 0 
X is Variable # 2 
Transformed data is stored in Variable # 4 ClnCC~CB>>. 
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1.01.03 

Variable # 1 
OBS# 

1 
0.00000 

900.00000 
3 

180.00000 
4 

3000.00000 
5 

6000.00000 
6 

7200.00000 
7 

8400.00000 
3 

9300.00000 

Variable # 2 Variable # 3 Variable # 4 

. 00010 -150.00000 -5 . 5’3099 

. 00040 4530.00000 -4.20469 

. 00040 786.00000 -4 .20469 

. 00160 15450.00000 -2.81840 

. 01840 31050.00000 -. 37605 

. 02110 37290.00000 -. 23913 

. 02350 43530.00000 -. 13140 

. 02450 48210.00000 -. 08973 
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Subfi 18 name: beg i nni ng obscrvat i on--number of obseruat i ens 
1. 1.01.831 1 2 
2. l.Ul.832 3 3 
3. l.Bl.r333 6 3 

* ” * * * * The dat .a and rel at ed i nformat i on are stored in 113:HS * * s s + 
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--where: Dependent variable = 1 nCCPyC#) 
Independent uar i ab 1 e = y=Vt -mx 

Obseruat i ctn # 3 Vari abl e # 1 -- correct ual ue = 1800 
Obseruat i on # 3 Var i abl IS # 3 -- correct ual ue = 9210 

UBS# 
1 

2 

4 

6 

7 

8 

Variable # 1 Variable # 2 Variable # 3 Variable # 4 

0.00000 . 00010 -150.00000 -5.59099 

900.00000 . 00040 4530.00000 -4.20469 

1800.00000 . 00040 9210.00000 -4.20469 

3000.00000 . 00160 15450.00000 -2. B1840 

6000.00000 . 01840 31050.00000 -. 37605 

7200.00000 . 02110 37230.00000 -.23913 

8400.00000 . 02350 43530.00000 -, 13140 

9300.00000 . 02450 45210.00000 -. 05973 

1.01.03 
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--where: Dependent wari abl F = 1 nCC./CB> 
Independent variable = y=Vt-mx 

--where: Dependent sari abl e = 1 rtCCjC0) 
I ndspendent uar i ab 1 e = y=Vt -mx 

VHF: I HELE N MEAN VHR I HNCE 
y=vt -mx 3 18570.00000 
126547200 tl7D. 5D 

11249.31998 60 .57792 
1 nCCjCB> 3 -2.46638 3.75756 

CORRELAT I UN = .996420 199905 

Selected degree of regression = 1 
R-SQUARED = .992#532 14994 
STANDHRD ERROR OF ESTIMATE = .231751939193 

SrJlJRCE DF SUM 0 F S C!lJ H RES MEHN 5: IJ IJ H R E F-VHLUE 

TQTRL 
REGRESS ION 

X”, 1 
RESIUURL 

VHRIHELE 
‘CONSTANT’ 
x ..x 1 

:3 T A N U H R D COEFFICIENT 
I1EVIHTIUN Q F V H R I H T I 0 t.4 

1.93844 78 . 5946 1 

2 7.51512 
1 7.46141 7.46141 138.92 

1 7.46141 7.46141 133. 92 
1 . 0537 1 . 0537 1 

REGRESSION COEFFICIENTS STHNDHRD ERROR 
STD. FORMAT E-FORMHT REG. COEFFICIENT T-VHLUE 

-5.65434 -.565484307776E+01 .30180 -1s. 74 
. 00017 . 17169959598#E-03 . 0000 1 11.79 

COEFFICIENT 
-5.65484 

. 00017 

95 x CrJNFInENCE I NTERVHL 
LOWER LIMIT LlPPER LIMIT 

-9.06821 -2.24148 
. 0000 1 . 00034 
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Data file name: 
Number of observations: 9 
Number of variables: 2 

Variables names: 
1. TIME (5) 
2. c (Cd> 

Variable # 1 
UBS# 

2 

3 

4 

4 

4 

0.00000 . 00000 

600.00000 . 00120 

1200.00000 . 00120 

2400.00000 . 00180 

3600.00000 . 00560 

4800.00000 . 01680 

6000.00000 . 02010 

7200.00000 . 02330 

8400.00000 . 02330 

1.01.04 

Variable # 2 

The following transformation wa< performed: a*CX,+b>+c 
where a = 5.1 

b = 1 
c = -150 
X is Variable # 1 
Transformed data is stored in Variable # 3 Cy+Vt-mx>. 

The following transformation was performed: a*lnCbX>+c 
what-a a = 1 

b = 43.1034 
c = 0 
X is Variable # 2 
Transformed data is stored in Variable # 4 Cln<C~'CB>>. 
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1.01.04 

OBS# 
1 

2 

; 

rs 

4 

7 

8 

9 

Variable # 1 Variable # 2 Variable # 3 Variable # 4 

0.00000 . 00000 -150.00000 

600.00000 . 00120 2910.00000 

1200.00000 . 00120 5970.00000 

2400.00000 . 00180 12090.00000 

3600.00000 . 00560 18210.00000 

4800.00000 . 01680 24330.00000 

6000.00000 . 02010 30450.00000 

7200.00000 . 02330 36570.00000 

8400.00000 . 02330 42690.00000 

-12.35443 

-2.96183 

-2.96183 

-2.55637 

-1.42139 

-. 32277 

-. 14343 

. 00430 

. 00430 

Subfile name: beginning observation --number of observations 
1. 1.01.041 1 3 
2. 1.01.042 4 3 
3. 1.01.043 7 3 
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- - %I h e t’ e . . Dependent variable = 1 nCC,CB> 
Independent uar i ab 1 e = y+Vt -mx 

--where: Dependent sari abl e = 1 nCC/CB> 
Independent uar i ab 1 e = y+Vt. -mx 

VARIABLE N MEAN 
y+Vt -mx 3 13210.00000 
37454400 M7D. 5D 

6120.00000 33.60791 
1 nl:C..JC@> 3 -1.43351 

STANDHRIS COEFFICIENT 
VARIANCE ISE’VIRTION OF VHRIRTIOtd 

1.24734 

CORRELATION = .999‘3558 18285 

Selected degree of regression = 1 
R-SQUHRED = .999911638#14 
STHNDARD ERROR QF ESTIMHTE = 1.4#470047484E-02 

AOV 

S 0 U R C E I3F SUM OF SQUARES MEHN SQUFIRE 

1.11665 77.90925 

F-VALUE 

TOTHL 2 2.49469 
REGRESS I OH 1 2.49447 2.49447 11316.19 

x-1 1 2.49447 2.49447 11316.19 
RESIIlUHL 1 . 00022 . 00022 

REGRESSION COEFFICIENTS STANIIHRIS ERROR 
VHRIRBLE STD. FORMAT E-FORMHT REG. COEFFICIENT T-VHLUE 
/ C 0 N S T A N T ’ -4.75653 -. 475652522828E+01 . 03239 -146.84 
X^ 1 . 00013 . 1#2483024669E-03 . 00000 106.36 

‘CONSTHNT’ 
X”1 

COEFFICIENT 
-4.75653 

. 00018 

95 ;: CONFIDENCE INTERVAL 
LOWER LIMIT UPPER LIMIT 

-5.1228’3 -4.3’3016 
. 00016 . 00020 
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0 B S E F: V E II ‘f FRED I CTED Y 
-2.55637 -2.55631 
-1.42139 -1.43351 

-. 32277 -.31c71 

R E S I II 1-f H L STHtdD. RES. SII;NIF. 
-. 00606 -. 40825 

. WlZlZ . 31658 
-. 00606 -. 40825 
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9******Y***************************************************************~******** 

* BHSIC STHTISTICS ANJD DATA NANIPULHTION 9 
*******************%*************************~**************************~******* 

1.61.05 

Dab.3 fi le name: 
Number of obsrruat ions: 9 
Number of variables: 2 

Variables names: 
1. TINE Cs> 
2. c (Cd> 

1.01.05 

UBS# 
1 

4 

l4 

d 

5 

6 

7 

8 

9 

Variable # 1 Variable # 2 

0.00000 . 00060 

1020.00000 . 00150 

2100.00000 . 00780 

3000.00000 . 02740 

3900.00000 . 03500 

4800.00000 . 03920 

5700.00000 . 03920 

6600.00000 . 03980 

7500.00000 . 04100 

The f rJ 1 1 uw i ng t ransf armat i on was psrf ormad: a%< XAb> +c 
where a = 5.2 

b = 1 
c = -150 
X is Variable # 1 
Transformed data is stored in Variable # 3 Cy=Vt.-mx>. 

The following t.ransfnrmatiun was performed: a*lnCbX>+c 
where a = 1 

b = 24.9501 
c = 0 
X is Variable # 2 
Transformed data i s st ured in Variable # 4 ClnCC~CB>). 
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Variahls # 1 
OBS# 

1 
v( 0.00000 

J 1020.00000 

i 2100.00000 

3000 . 00000 
5 

3900.00000 
6 

4800.00000 
7 

5700.00000 
8 

6600.00000 
9 

7500.00000 

'Jar i at2 1 Q # 2 

.00060 

.00150 

.00780 

. 02740 

.03500 

. 03920 

. 03920 

. 03980 

. 04100 

1.01.05 

-150.00000 

5154.00000 

10770.00000 

15450.00000 

20130.00000 

24810.00000 

29430.00000 

34170.00000 

38850.00000 

-4.20170 

-3. 2854 1 

-1.63675 

-. 38033 

-. 13553 

-. 02220 

-. 02220 

-. 00701 

. 02269 

Scrhfi 1 e name: beg i nn i ng observat i on--number of observat. i ons 
1. 1.01.051 1 1 
2. 1.01.052 2 :s 
3. 1.01.053 5 5 
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- - l.rl h E’ r e : De pen den t, 1.~ ar i ab 1 E’ = 1 ti C C .e’ 1: 0 > 
Independent. sari abl a = y=Vt.-mx 

- - IAl t1 e r e : Ilependent war i ab 1 a = 1 tic C/c:0 j 
Independent war i ab 1 IZ = y=Vb -mx 

V H R I H B L E N MEAN 
)I = v t - m x 3 10458.00000 
26574912 M7D. 5D 

5155.08603 49.29323 
1 t-1 C C: ,’ C 0 j 3 -1. 76750 

CORRELHTION = .999678518665 

‘V H R I H N C E 

2.1226’3 

Selected degree of regression = 1 
R-SQUFIRED = .999357 14082 
STANDARD ERROR OF ESTIMFlTE = 5.22415734831E-02 

S 0 U R C E 

TUTRL 
REGRESS1 OH 

y, A 1 

RESIDUAL 

ISF SIJ tl 0 F SQ U HR ES tl E H N S B U H R E F-VHLUE 

2 4.24538 
1 4.24265 

1 4.24265 
1 . 00273 

REI;RESS I ON CUEFF IC I ENTS 
STD. FrJRMHT E-FORMHT 

-4 .72222 -. 4 72222067000E+01 
. 00028 .2:325:3208 1300E-03 

S T H N Is H R Is C: 0 E F F I C’ I E t,I T 
D E V I H T I 0 t.1 0 F V H R I H T I 0 td 

1.456’35 82. t+2ds73 

4 ,24265 1554.55 
4.24265 1554.55 
. 00273 

STHNDHRD ERROR 
REG. COEFFICIENT T - ‘V H L U E 

. 08078 -58.46 

. 0000 1 3 9 . 4 3 

COEFFICIENT 
9 5 :.: C U N F I U E N fl: E I N T E R V H L 

LOWER LIMIT UPPER LIMIT 

255 



lIB$# OB:SERVED ‘I’ P R E 11 I C T E 11 ‘I’ 
2 -3.28541 -3.2E;C05 
:3 -1 . 53675 -1 . 67335 
4 -. 38033 -.:3!j710 

-5 ‘-ccn7 . r,.d.J, c 
. 00020 

H E S I D i-1 H L 
-. 01936 

. 04260 
-.02323 

-3.80857 
. 00036 

STHND. RES. SIC;NIF. 
-. 37062 

. 81537 
-. 44475 
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*~~*~*****YY*Y**w***~~****~***********~****~**~*~~***~~***~~~**~*~****~***~~**~~ 
* BASIC STATISTICS AND DATA MANIPULRTION * 
**~**~******w***Y**~****~~****~*****~**~****~**~*~***~***~*~***~*~**~~~~*~~*~~~~ 

1.01.06 

Data file name: 
Number of observations: 9 
Number of variables: 2 

Variables names: 
1. TIME <z.) 
2. c <Cd) 

1.01.06 

OBS# 
1 

Id 

dc 

u6 

x 

Variable # 1 Variable # 2 

0.00000 

660.00000 

1560.00000 

2280.00000 

2760.00000 

3960.00000 

.4560.00000 

5160.00000 

5760.00000 

. 00010 

. 00026 

. 00240 

.01100 

. 01470 

. 02180 

. 02220 

. 02240 

. 02440 

The following transformation was performed: a*CX*b>+c 
where a = 11 

b= 1 
c = -150 
X is Variable # 1 
Transformed data is stared in Variable # 3 Cy=Vt-mx>. 

The following transformation was performed: a*jnCbX)+c 
where a = 1 

b = 42.735 
c = 0 
X is Variable # 2 
Transformed data is stored in Variable # 4 ClnCC1C0>>. 
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1.01.06 

6 

7 

8 

9 

Variable # 1 Variable # 2 Variable # 3 Variable # 4 

0.00000 . 00010 -150.00000 

660.00000 . 00020 7110.00000 

1560.00000 . 00240 17010.00000 

2280.00000 . 01100 24930.00000 

2760.00000 . 01470 30210.00000 

3’360.00000 . 02180 43410.00000 

4560.00000 . 02220 50010.00000 

5160.00000 . 02240 56610.00000 

5760.00000 . 02440 63210.00000 

-5.45532 

-4.76217 

-2.27727 

-. 75484 

-. 46489 

-. 07083 

-. 05264 

-. 04368 

. 04185 

Subfile name: beginning observation --number of observations 
1. 1.01.061 1 1 
2. 1.01.062 2 4 
3. 1.01.063 6 4 

w Y * * * The data and related information are stored in 116:HS + + * + + 
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* * * * 9 The dab a and re 1 atad i nfurmat i con are stored i n 116A: H# w s * s y 

*******************************************************s*******s**************** 
POLYNOMIAL REGRESSION ON DATA SET: 

1.01.06 
***************************************************s**************************** 

--where: Dependent sari abl e = lnCC/CB> 
Independent variable = y=Vt-mx 

******************************************************************************** 

FOLYNOMIHL REGRESSION on Subtfi 1 e’ 1,01.062A’ OF 
1.01.06 

*********************************************s********************************** 

---Idhere: Dependent sari abl e = 1 nCC/CB> 
Independent variable = y=Vt-mx 

VARIABLE N MEAN 
y=Vt -mx 3 16350.00000 
79714800 M7D.5D 

8928.31451 54.60743 
1 t-lr:C,CB> 3 -2.53809 

STHNDARII COEFFICIENT 
VFIRIHNCE DEVIHTIUN OF VARIRTIUN 

4.0’3188 2.02284 

CURRELHTION = .99728340432 

Selected degree uf regression = 1 
R-SQUARED = .994574188604 
STHNDHRD ERROR OF ESTIMHTE = .210721397323 

SOURCE 

TOTRL 
REGRESS1 ON 

1,:: A 1 

RESIDUAL 

LIF SUM OF SQUARES IIEHN SBUHRE 

77. Y5854 

F-VHLUE 

2 8.18375 
1 3.13935 8.13935 183.30 

1 8.13935 8.13935 183.30 
1 . 04440 . 04440 

REGRESSION COEFFICIENTS STFiNDARD ERROR 
VHRIHBLE STD. FORMHT E-FURMHT REG. COEFFICIENT T-VRLUE 
,’ C: 0 N S T A N T ’ -6.29236 -.6292:36097871E+@l . 29875 -21.06 
x ..‘.. 1 . 00023 .225948990143E-03 . 00002 13.54 

C 0 E F F I C I E N T 
-6.29236 

. 00023 

9 5 :; C 0 N F I D E N C E I H T E R V H L 
LOWER LIMIT UPPER LIMIT 

-9.67130 -2.91342 
* . 00004 . 0004 1 
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CiBS# OESERVED ‘r’ PREDICTED ‘f 
2 -4.76217 -4.68586 
3 -2.27727 -2.44897 
4 -. 75484 -. 65945 

RESIISUHL 
-. 87631 

. 17170 
-. 89539 

STHHD. RES. SIGNIF. 
-.36214 

. 81482 
-. 45268 
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***********************************~*~****************************************** 
++ BRSIC STATISTICS FlND DATR MANIPULATION * 
*w****w***********Y*********************~*~*******************************~*~~*~ 

1.01.07 

Data file name: 117:H8 
Number of observations: 8 
Number of variables: 4 

Variables names: 
1. TINE (5) 
2. c (Cd> 
3. y=Vt-mx 
4. lnCC/CB> 

Subfile name beginning obseruation--number of observations 
1. 1.01.071 
2. 1.01.072 
3. 1.01.073 

2 
2 
4 

Variable # 1 
OBS# 

1 
0.00000 

2 
600.00000 

3 
1200.00000 

4 
1800.00000 

5 
2340.00000 

6 
2700.00000 

7 
3480.00000 

8 
4200.00000 

Variable # 2 Variable # 3 Variable # 4 

. 00010 -150.00000 -6.03068 

. 00298 6450.00000 -2.63618 

. 00276 13050.00000 -2.71287 

. 03864 19650.00000 -.07381 

. 03840 25590.00000 -.08004 

. 04000 29550.00000 -. 03922 

. 04060 38130.00000 -.02433 

. 04070 46050.00000 -.02187 

1.01.07 

Obserwation # 2 Variable # 2 -- correct value = 
Observation # 3 Var 
Observation # 6 Var 
Observation # 7 Var 
Obseruation # 8 Var 

Variable # 1 
OBS# 

1 
0.00000 

L 

600.00000 
3 

1200.00000 

able # 2 -- correct v lue = 
able # 2 ? -- 

correct value = 
able # 2 -- correct value = 
able # 2 -- correct value = 

1.01.07 

Variable # 2 Variable # 3 Variable # 4 

. 00010 -150.00000 

. 00398 6450.00000 

. 02276 13050.00000 
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. 00398 

. 02276 

. 0464 
. 0407 
. 0406 

-6.03068 

-2.63618 

-2.71287 



4 
1880.00000 . 03864 19650.00000 -. 07381 

5 
2340.00000 . 03840 25590.00000 -. 08004 

6 
2700.00000 . 04640 29550.00000 -. 03922 

7 
3480.00000 . 04070 38130.00000 -. 02433 

8 
4200.00000 . 04060 46050.00000 -. 02187 

The fol 1 owing transformat i c3n was performed: awCX*b9+c 
where a = 11 

b= 1 
c = -150 
X is Variable # 1 
Transformed data is stored in Variable # 3 Cy=Vt-mx>. 

The following transformation was performed: a*lnCbX>+c 
where a = 1 

b = 24.0385 
c = 0 
X is Variable # 2 
Transformed data is stored in Variable # 4 Cln<C#CB)>. 

Variable # 1 
OBS# 

1 
0.00000 

2 
600.00000 

3 
1200.00000 

4 
1800.00000 

5 
2340.00000 

6 
2700.00000 

7 
3480.00000 

8 
4200.00000 

Variable # 2 Variable # 3 Variable # 4 

. 00010 -150.00000 

. 00398 6450.00000 

. 02276 13050.00000 

. 03864 19650.00000 

. 03840 25590.00000 

. 04640 29550.00000 

. 04070 38130.00000 

. 04060 46050.00000 

-6.03068 

-2.34682 

-. 60309 

-.07381 

-. 08004 

. 10920 

-. 02187 

-. 02433 

1.01.07 

SUBFILES HFlVE BEEN DESTRDYED. 

Subf i 1 e name: begi nni ng obseruat i on--number of obsart..fiat, i at-us. 
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1. 1.01.01-1 1 1 
2. 1.01.07-2 2 2 
3. 1.01.07-3 4 5 

POLYNOMIAL REGRESSION on Subfile’1.01.07-2’ OF 
1.01.07 

--where: Dependent uariable = ln(C:~C0) 
I ndeprndent uar i ab 1 e = y=Vt -mx 

‘VHR I HBLE N MEAN 
y=Vt -mx 2 9750.00000 
21780000 M7D. SD 

4666.90476 47.86569 
1 ncC~CB> 2 -1.47496 

VAR I HNCE 
STANDARD COEFFICIENT 

DEVIATION OF VARIATION 

1 52028 . 1.23300 83.59563 

CORRELATION = 1.00000000001 

Specified maximum degree is too large for computational accuracy! 

VHRIHBLE N MEAN 
y=Vt -mx 2 9750.00000 
21780000 M7D. 5D 

4666.90476 47.86569 
1 nCC,‘C0> 2 -1.47496 

VARIHNCE 

CORRELHT I ON = 1.00000000001 

Selected degree of regression = 1 
R-SQUARED = .999999999342 
STANDHRD ERROR OF ESTIMATE = 

HOV 

!S 11 IJ R c: E 13F SUM UF SQUHRES MEAN SQUARE F-VHLUE 

1.52028 1.23300 83.59563 

STANDARD COEFFICIENT 
DEVIATION OF VFIRIATION 

TOTHL 1 1.52028 
REGRESS1 ON 1 1.52028 1.52028 0.00 

;:<; .4 1 1 1 .52028 1.52028 0.00 
R E !S I II I-l 17 L 0 . 00000 

REGRESSION COEFFICIENTS STANDHRD ERROR 
VHRIHBLE STD. FORMHT E-FORMAT REG. COEFFICIENT T-VRLUE 
/ I: 0 tJ 5 j- fi H T ..’ -4.05091 -.405090947491E+01 4.86467 -.83 
).( h 1 . 00026 .264200422757E-03 . 00000 5754.29 

COEFFICIENT 
-4.09091 

. 00026 

9 5 .Y C 0 N F I D E N C E I N T E R V R L 
LOWER LIMIT CIPPER LIMIT 

-4.05091 - 4 ” r,i c ;! fj 1 

. 00026 ” / 7 ( i ; ! .:.r c; 
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Variable # 1 
OBS# 

1 
0.00000 

2 

3 
b6 
cx d 
I4 

8 

9 

10 

420.00000 

1080.00000 

1680.00000 

2280.00000 

3000.00000 

3360.00000 

3840.00000 

4320.00000 

4980.00000 

Variable # 2 Variable # 3 Variable # 4 

. 00010 -150.00000 -5.79645 

. 00180 1929.00000 -3.10608 

. 00180 5196.00000 -3.10608 

. 00240 8166.00000 -2.81840 

. 00600 11136.00000 -1.90211 

. 01690 14700.00000 -. 86655 

. 02860 16482.00000 -. 34046 

. 03140 18858.00000 -. 24706 

. 03400 21234.00000 -. 16751 

. 03520 24501.00000 -. 13282 

Subfi le name: beginning observation --number of obseruat i on5 
1. 1.01.081 1 3 
2. 1.01.082 4 4 
3. 1.01.083 8 3 

* * * * * The data and related information are stored in 118:H8 * * * * * 
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- - w h E- r I : Dependent sari abl e = 1 nCCfC0> 
Independent uar i abl Q = y=Vt -mx 

--where: Dependent sari abl e = 1 nCC/C0> 
Independent uariable = y=Vt-mx 

VHRIHBLE N 
y=vt -mx 4 
13760604 M7I3. SIS 

3709.52881 
1 nCC/C0> 4 

M E A N 
12621.80080 

29.39172 
-1.48188 

CORRELHTION = .999911536703 

VARIANCE 
STRNDHRD CUEFF ICI ENT 

DEVIATION OF VARIATION 

1 .21478 1.10217 74.37645 

Se1 ected degree uf regressi on = 1 
R-SQUHRED = .999823081271 
STANDARD ERROR OF ESTIMATE = 1.79548274845E-02 

SOClRCE DF SUM OF SQUARES MEAN SQUARE F-VHLUE 

TOTAL 3 3.64434 
REGRESSION 1 3.64369 

x *‘. 1 1 3.64369 
RESIDURL 2 . 00064 

REGRESSION COEFFICIENTS STHNDARD ERROR 
STD. FORMAT E-FORMHT REG. COEFFICIENT T-VALUE 

-5.23148 -.523148383303E+01 . 03639 -143.75 
. 00030 .29709239:3 153E-03 . 00000 106.31 

3.64369 11302.63 
3.64369 11302.63 
. 00032 

COEFFICIENT 
-5 m 23148 

. 00030 

95 ;: CONFIDENCE INTERVAL 
LOWER LIMIT UPPER LIMIT 

-5 .33699 -5.07598 
. 00029 . 0003 1 
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Cl B !S # rJ B 8 E R ‘6’ E I3 ‘Y 
4 -2.81840 
5 -1.90211 
6 -. 86655 
7 -. 34046 

PREDICTED 7 
-2.80543 
-1.92306 

-. S&423 
-. 33481 

RESIDUAL 
-. 01297 

. 02095 
-. 00’233 
-. 00565 

STAND. RES. SIGNIF. 
-. 72247 
1.16707 
-. 12969 
-.31491 
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X 

X 

008CZ 

00861 

008bI 

F 
s 
L 

0086 

008b 

00z- 

(03K3)Ul 
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********9**********************~~s***********************************~**~******~ 

+ BASIC STHTISTICS HND DHTA MHNIPULHTION 9 
*****************************************************************************~** 

1.02.01 

Data f i 1~. name: 
Number of obseruat i ens: 14 
Number of variables: 2 

1.02.01 

OBS# 
1 

2 

J 3 

4 

rx 

4 

(4 

*- 3 

10 

11 

12 

1 3 

14 

Variable # 1 Variable # 2 

0.00000 . 00002 

3420.00000 . 00002 

4620.00000 . 00030 

5100.00000 . 00090 

5460.00000 . 00138 

6120.00000 . 00134 

6420.00000 l 00720 

6720.00000 . 00924 

7080.00000 . 01184 

7380.00000 . 01480 

7620.00000 . 01560 

7860.00000 . 01840 

8100.00000 . 01820 

8520.00000 . 02180 

The f cl 1 1 olrl i ng t. ransfurmat i on was performed: .a* <X+.b> +c 
where a = 4.98 

b= 1 
c = -150 
X i 5 Variable # 1 
Transf armed dat. a i 5 st. ored i t-1 Var i ab 1 c # 3 ( y=Vt. -m:g 11 . 

The fol 1 OWi ng bransformat i at-1 bJ.3:. p~t-.fot-med: ,a*1 nCb:(>+c 

where a = 1 
L-8 = 44.6429 
c = 0 
X is Variable # 2 
Transformed dat. a i s St ored i t-1 Vat-. i ab 1 e # 4 C 1 t-, I: C../C0 :) > . 
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OBS# 
1 

2 

4 

45 

2 

J 8 

9 

10 

11 

12 

13 

14 

Variable # 1 'Variable # 2 Variable # 3 Variable # 4 

0.00000 . 00002 -150.00000 -7.02108 

3420.00000 . 08002 16281.60000 -7.02103 

4620.00000 . 00030 22857.60000 -4.31303 

5100.00000 . 00090 25248 00000 . -3.21442 

5460.00000 . 00138 27040.80000 -2.78698 

6120.00000 . 00134 30327.60000 -2.81639 

6420.00000 . 00720 31821.60000 -1.13496 

6720.00000 . 00924 33315.60000 -. 88552 

7030.00000 . 01184 35108.40000 -. 63753 

7380.00000 . 01430 36602.40000 -. 41443 

7620.00000 . 01560 37797.60000 -.36179 

7860.00000 . 01840 38992.80000 -. 19671 

8100.00000 . 01820 40188.00000 -. 20764 

8520.00000 . 02180 42279.60000 -.02715 

1.02.01 
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***********i******************************************************************** 
POLYNUMIHL REGRESSION ON DHTA SET: 

1.02.01 

--where: Dependent. sari able = 1 nCCyCB> 
I ndrpendsnt uar i ab 1 e = y=Vt -mx 

Observat i on # 6 has been de1 ated, 13 ubsrrvat i cans remai n. 

Subfi 1 e name: begi nni ng observat i on--number of ubservat i on5 
1. 1.82.811A 1 2 
2. 1.02.012A 3 5 
3 . 1.02.013A 3 c 

3 W 3 * * The dat.a and related i nformat ian .~r.p stored in 121H:H3 + + 9 s 9 

POLYNOMIAL REGRESSION on Subf i 1 Q’ 1. 82.812H OF 
1.02‘01 

- - IJJ p, I? r-’ e : Dependent uar i ab 1 e = 1 n C C.‘I=0> 
Independent uar i abl e = y=Vt -mx 

S T 17 N I3 H R 11 COEFFICIENT 
VRR I HELE N M E A N V 13 R I H N C E D E V I H T I 0 N OF VHRIHTION 
y = V t - m x 5 28056.72000 
19445497. 63 tl7D.5D 

4409.70494 15.71711 
1 f-1 ( 1: I” C 0 ;I 5 -2.4CE.99 2.03606 1.44432 53.54509 

CURRELHTIUN = .995201753056 

Se1 E-c t ed degree of regrassi on = 1 
R-SWUHRED = . 990426529857 
STHkRD ERROR UF ESTIMATE = . 163180047623 

TClTHL 4 8.34422 
REILRESS I OH 1 3.26434 
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]( .*. 1 1 8.26434 8.26434 
RESIDUHL 3 . 07938 . 02663 

VHR I HELE 
‘CONSTHNT 
x .“. 1 

310.37 

REGRESSION COEFFICIENTS STANDHRD ERROR 
STD. FORMAT E-FORMHT REG. COEFFICIENT T-VHLUE 

-11.61236 -.116123598601E+02 .52422 -22.15 
. 00033 .325960214856E-03 . 00002 17.62 

COEFFICIENT 
-11.61236 

. 00033 

9 5 2 C 0 N != I D E N C E I N T E R ‘V R L 
LOWER LIMIT UPPER LIMIT 

-13.27934 -9.94538 
. 00027 . 00038 

OXS# 0 R !: E R ‘5) E 11 j’ PREIIICTED ‘i 
3 -4.31303 -4.16169 
4 -3.21442 -3.38252 
5 -2 . 78698 -2.79813 
6 -1.13498 -1.23978 
7 -. 38552 -. 75230 

RESIDLIHL 
-. 15134 

. 16810 

. 01116 

. 10481 
-. 13272 

STAND. RES. S I G N I F . 
-. 92745 
1.03012 

. 06833 
. 64227 

-. 81332 



x 

L I I I I I I G 

008W 

0086& 

008+& 

0086Z 

008PI 

0086 

008b 

00z- 

~03Km-Jl 
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Observat i on # 9 has beet-1 de1 eted, 8 observat i ens rEmai n. 

~*+******************s***s*******s*****************************~***~~~~***~***** 
* EHSIC STATISTICS HNIS DHTH MHNIPULHTION 9 
**************************************************~******~************~~~******* 

Kl S CORRELATION 

Data file name: KLS:H8 
Nuriaber of ubseruat i ens: 9 
Number of war i abl es: 9 

Variables names: 
1. KlS (1./s) 
2. V (ml/s) 
3. T CK) 
4. 1 n C K 1 S > 
5. 1 n(V) 
6. In(T) 
7. v .+ 2 
8. T*.2 
3. T*V 

S CI b f i 1 es : NONE 

Observation # 9 Variable # 1 = . 0671 has been i riser-ted. 
Observation # 9 Variable # 2 = 11 has been inserted. 
Observation # 9 Variable # 3 = 290.15 has been i nsert ed. 
Observat. i on # 9 Var able## = -9999999.99999 has been i nsert ed. 
Obseruat ion # 9 Var able#5 = -9999999.99999 has been i ngrrt rd. 
Observation # 9 ‘Var able#6 = -9999999.99999 has been i nsert rd. 
Obseruat i on # 9 Vari able#7 = -9999999.99999 has bean inserted. 
Observation # 9 Var able#8 = -9999999.99999 has been i nsert Ed. 
Obsbruat ion # 9 Var able#9 = -9999999.99999 has been i nsert ed. 

KlS CORRELRTION 

‘:‘i.ir i .& 1 e # 7 Variable # 8 Variable # 9 

11.50000 290.15000 
132.25000 84187 02250 . 

Ii. 80000 288.05000 
139.24000 82972.80250 

il. 10000 307. 15000 -2.10949 3 L. 4 0 6 3 5 
123.2ibj00 94341.12250 :3409.36500 

11.18000 
124.99240 

2’8*3. 15000 

83607.72250 

307 .35808 
94771.622” 
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Variable # 1 Variable # 2 Variable # 3 Variable # 4 Variable # 5 
Variable # 6 Variable # 7 Variable # 8 Variable # 9 

. 1213W 
5.67040 

. 08160 11.80000 
5.66:313 139.24000 

. 14390 11 18000 . 
5.72734 124.99240 

.04840 
5.66695 

. 8 3 8 30 5.10000 307.85000 
5.72961 26.01000 94771.62250 

. 03870 5.20000 308.05000 -3.25192 
5 .73026 27.04000 94894.80250 1601.86000 

8 
11640 

. 5.72473 
I- 
9 

. 06710 
5.67040 

10 
. 041'30 4.95000 287.65000 -3.17247 

5.66174 24.50250 32742.52250 1423.86750 

ll.r50000 
132.25000 

290 15000 . 
84187 02250 . 

288.05000 
82972.80250 

387.15000 
94341 12250 . 

307.15000 
94341.12250 

5.20000 289.15000 
27.04000 83607.72250 

11.00000 
121.00000 

11.00000 
121.00000 

306.35000 
93850 .32250 

290.15000 
84187.02250 

-2.10455 
3336.72500 

-2 .50593 
3398.99000 

-2.10949 
3409.36500 

-1.93864 
3433.93700 

-3 02826 . 
1503 .58000 

-3.26231 
1570.03500 

-2.15072 
3369.85000 

-2.70157 
3191.65000 

2.442135 

2. 46:310 

2. 406’35 

3 41413 L. 

1 f; .ys 82 .-, 4 . -L,L 

1.64866 

2.39790 

2.39790 

1.59939 

. ******************* ******************************************~~~. ~*********f****** 
MANUAL REGRESSION ON 

KlS CORRELATION 
******************************************************************************** 

Dependent uariable:lnCKlS> 
Independent uariablaCs> = V (ml/s) 

T (Kj 
in(V) 
In(T) 
VA2 
T"2 
T*V 

Tolerance = .001 

CORRELATION MHTRIX 

V (ml/s> T liK> lntV> 1 t-1 1: T > y 2% 3 T A 2 
v ( m 1 .." 5 > 1.0000000 -.0289987 .9996531 -. @2'7:'q~,;3 - _L .9995419 -. 0306572 
T 1: K > 1.0000000 -.0147433 , '3'3 9'3 'j 5 '3 -.0448146 .9999960 
1 r, c s,/ j 1.0000000 .Ol::tti-!:34 .99841@7 -.0164377 
ln(:T> 1 . i"i (3 $11 :‘! i.: ;II 0 -.0432080 .9999837 
$1 .A 2 1.0000000 -.0464215 
T P. 2 1.0000000 



T*V 
. 9957717 
. 0574063 
. 99688:3 1 
. 0590616 
. 9936062 
. 0557432 

1.0000000 

1n~KlS~ 
.8994133 
. 1508101 
. 3020834 
. 1524846 
. 8352277 

1431285 
: 9202318 

1.0000000 

F Tc7 PART F TO REGRESSION CUEFFICIEHT!; $ T D 
#--VHRI HBLE ENTER CORR TOL DELETE STD.FORMAT E-FORMHT E ;s 1,: 1;j r< 

2 . 0 ( m 1 i 5 > 33.87 . 833 1.000 
3.T CK> . 19 . 151 1.000 
5. 1 tiCV> 34.35 . 302 1.000 
6. 1 nCT> . 19 . 152 1.000 
7 , v .A 2 32.23 , 835 1.000 
- 8. Tx.2 . 18 . 149 1.000 
‘3 . T s ‘I) 44.23 . 320 1.000 

,~***%YY8~~*~s~9Y~9*s~~~~~~, ~w*Y~~***%w*%~~*~**Y~~*~~~*~~~~s~~~~~~~~~~~~~~~~~~~~~ 
STEP NUMBER 1 
VHRIHBLE’lnIV>’ ADDED 
R-SQUARED = .8 1375437648 

SOClRCE I3F SUM OF SQUHRES M E H N S Q 1-I H R E F-VHLUE 
TUTHL 3 2.51415 
REr,RESSION 1 2.04530 2.04530 34.35 
RESIDUAL 8 . 46825 . 05853 

STHNDRRII ERROR = .24 1932279574 

F TO PHRT F TO REGRESSION COEFF ICI ENTS STIS 
#--VAR IHBLE ENTER CORR TOL DELETE STD.FORMAT E-FORMAT ERROR 
Variable’V Cml/s>‘does not exceed tolerance. 

3.T <K) 1.18 . 380 1.000 
5. 1 riCV> 34.35 1.16693 . 116632966088E+01 . 1374 
6. In(T) 1.19 . 381 1.000 
7. VA2 . 37 .223 .003 
8. T^2 1.18 . 380 1.000 
3. T*V 4.27 ,616 .006 

#--VAR IHBLE 
2. V <ml y’s) 
3.T CK> 
S.lnCV> 
6. 1 nCT> 
7 . v *’ 2 
8. T^2 
3. T*V 

F TO 
ENTER 
33.87 

l 19 
34.35 

. 19 
32.29 

18 
44: 23 

PHRT 
CORR 
. 899 
. 151 

302 
:152 
. 895 
. 149 
a 320 

F TU REGRESSION COEFFICIENTS !s T jJ 
TClL ISELETE STD. FORMHT E-FORMHT ERROR 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 :. 



STEP NUMBER 3 
VARIABLE’V (ml/s>’ ADDED 
R-SQUARED = .80894419899 

SOURCE DF SUM OF SQUARES MEAN SQUfiRE F-VHLUE 
TOTAL 9 2.51415 
REGRESSION 1 2.03381 2.03381 33.87 
RESIDUAL 8 . 48034 . 06004 

STANDARD ERROR = .245036563847 

F TO PART F TO REGRESSION COEFFICIENTS 
#- -VAR I HBLE ENTER CORR TOL DELETE STD.FORMAT E-FORMHT 

2 . V (mlJs> 33.87 . 14921 . 1492054 17475E+00 
3.T (K) 1.37 ,405 999 

Variable’ln<V>‘docs not exca;d tolerance. 
6. In(T) 1.38 .405 ,999 

Vari abl e’Vh2’does ntit exceed tolerance. 
8.TA2 1.37 .404 999 
9. T+V 4.22 .613 :008 

STD 
ERROR 
.0:;:51-; 

Constant = -3.93603982457 
***************************************************************~*******~*****~*~ 
STEP NUMBER 4 
VFIRIABLE’V (rnlfls)’ DELETED 
R-SQUHRED = -. 0000000000 1 

F TO PART F TO REGRESSION COEFFICIENTS STD 
# --VARIABLE ENTER CORR TOL DELETE STD.FORMAT E-FORMHT ERROR 

2.V (ml/s> 33.87 . 899 1.000 
3.T (K> .19 .151 1.000 
5. lnCV> 34.95 .902 1.000 
6. In(T) .19 .152 1.000 
7. VA2 32.29 . 895 1.000 
8. TA2 . 18 ,149 1.000 
9. T*V 44.23 . 920 1.000 

Constant = -2.62258453454 
******Y***********************************************************~******~****** 
POLYNOMIAL REGRESS1 ON ON DATA SET: 

KlS CORRELRTION 
****************************************************************************~*** 

--where: Dependent variable = ln(KlS) 
Independent sari abl e = 1 n(V) 

VHRIHBLE N MEAN 
In(V) 10 2.10533 
ln(KlS> 10 -2.62258 

CORRELHTION = .902083353385 

VARIANCE 
. 16694 
. 27935 

STHNDARD COEFF I C I ! 
DEVIATION UF ‘+HR I H-I- !: ::.I:; 

. 40858 1 9 , 4 0 6 ‘$4 5 

.52854 2 0 . 1 5 3 2 “, 

Selected degree of regression = 1 
R-SQUARED = .813754377028 
STANDARD ERROR OF ESTIMHTE = .241932279218 
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I-I I I R I:: E ..j - - DF S IJ 11 0 F S I;! 1-I H R E S 

REGRESS ION COEFFICIENTS 
STD. FORMHT E-FURMHT 

-5. 879:35 -. 507935 1 1’378:3E+Bl 
i.lr;6’33 . 1 1 r569’;‘966 _L_ 129E+8 1 

tlEHN SQUHRE F - ‘4 13 L U E 

STHNDHRD ERROR 
REG. COEFFICIENT T _.- c’ H L 1 J E 

. 4 ‘2 L .-J 3 L 5 .A -12.02 

. 1 ‘3 7 :3 :3 5 . 3 1 

PREIlI CTED ‘i’ 
-2.22’330 
-2.19925 
-2.27062 

-2.26224 
-3.15548 
-:3.17s14 
-3.1554s 
-2.28118 
-2.28118 
-3.2129i3 

RES I IlUHL 
. 12475 

-. 36667 
. 16113 
.32360 
. 12723 

-. 88416 
-. 89543 

. 13945 
-. 42ad+n 

. 0485 1 
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Mission of the Bureau of Reclamation 

The Bureau of Reclamation of the U.S. Department of the interior is 
responsible for the development and conservation of the Nation’s 
water resources in the Western United States. 

The Bureau’s original purpose “to proriae for the reclamation of arid 
and semiarid lands in the West” today covers a wide range of interre- 
lated functions. These include providing municipaland industrial water 
supplies; hydroelectric power generation; irrigation water for agricul- 
ture; water quality improvement; flood control; river navigation; river 
regulation and control,. fish and wildlife enhancement,. outdoor recrea- 
tion; and research on water-related design, construe tion, materials, 
atmospheric management, and wind and solar power. 

Bureau programs most frequently are the result of close cooperation 
with the U.S. Congress, other Federal agencies, States, local govern- 
men ts, academic institutions, water-user organizations, and other 
concerned groups. 

A free pamphlet is available from the Bureau entitled “Publications 
for Sale.” It describes some of the technical publications currently 
available, their cost, and how to order them. The pamphlet can be 
obtained upon request from the Bureau of Reclamation, Attn D-922, 
P 0 Box 25007, Denver Federal Center, Denver CO 80225-0007. 


